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ABSTRACT 
 
The objective for this research project was to develop a commercially feasible 
holistic design approach for small scale stand alone power supply (SAPS) systems. 
Technical and economic performance expectations may conventionally be viewed as 
dominant design influences. A feasibility study for the options available to a 
proposed small scale domestic SAPS on the Central Wheat Belt of Western Australia 
fulfilled the role of a case study in exploring the holistic design approach. 
 
Overall the research project comprised developing together with implementing the 
holistic design approach through the SAPS case study and analysing the outcome. 
The principal tools involved in the design approach were AS4509 part 2, HOMER 
and a holistic design tool that was developed for the purposes of holistically 
screening and ranking the prospective energy system solutions. 
 
An important feature of the holistic design tool was considered that it assisted in 
transparently capturing together with communicating the reasoning behind the 
recommended holistically optimal solutions. Opportunity costs were included in the 
HOMER simulations to account for the time commitments of the clients that were 
projected to be involved in the solution options. 
 
A commercially feasible structure was considered to have been established for the 
holistic design approach as an outcome of the research. The structure provided the 
foundations for progressive enhancements to the consistency, repeatability, 
productivity and meaningfulness of the approach. In the short run the structure was 
viewed to have achieved a practical solution for the case study in the form of a 
prospectively holistically optimised system for recommended implementation.  
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1.0  INTRODUCTION 
 
1.1  BACKGROUND 
 
Western Australia can be viewed to have a relatively massive land area with a 
comparatively low and widely dispersed population. This uniquely characterises the 
electricity supply system in Western Australia. The system is comprised by two 
separate major grids, the North West Interconnected System (NWIS) located in the 
Pilbara region towards the north and the South West Interconnected System (SWIS) 
centred about Perth in the south. A number of remote area power supply (RAPS) 
mini grids accompany these two major grids.  At 30% the electricity generation 
sector is the largest energy user in Western Australia and is highly dependent upon 
fossil fuels (OE 2009b, 3-4). 
 
While there are limited hydro options in Western Australia, the State appears to have 
access to a number of world class renewable energy (RE) sources. These include 
solar, wind, waves, tidal, geothermal and biomass (OE 2009a, 15). Despite this, the 
RE industry may be observed as relatively immature and underdeveloped (OE 
2009b, 4).  
 
The Central Wheat Belt (CWB) of Western Australia includes many areas which can 
be considered fringe of grid in regard to prospective expansion of the SWIS. This 
research project arose from the opportunity in one such area to apply a holistic 
design approach in carrying out a feasibility study for the RE based options available 
for a small scale domestic (SSD) stand alone power supply (SAPS) as an alternative 
to grid extension. 
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In view of security, the clients for the proposed SAPS requested that they, along with 
the name and location for the installation site, not be revealed in project reporting. 
The site is within 30 km of Cunderdin Air Field (refer to figure 1.1.1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1.1.1  A Definition for “A Holistic Design Approach” 
 
The term “holistic” may perhaps have different meanings to different people. In the 
context of this project a “holistic design approach” has been interpreted to be: 
 
A design approach producing a solution that, within the resources available, 
achieves the most optimally sustainable balance among all principal factors for 
consideration and for all those entities which it influences (SEEMU 2008). 
 
Figure 1.1.1  Weather Observation Stations Map with the Central Wheat Belt 
Shown as Region 13 along with Cunderdin Air Field (Cunderdin Ap) Highlighted, 
Western Australia [BOM 2009b]. 
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1.2  OBJECTIVE 
 
The underlying objective for the research project was to develop what might 
constitute a commercially feasible holistic design approach for small scale SAPSs.  
It was foreseen that the feasibility study for the proposed SAPS could fulfil the role 
of a case study in exploring a holistic approach to designing the system solution. 
 
Given the relatively small size of domestic scale SAPS projects it may be envisaged 
as often not feasible to allocate considerable resources including time and financial 
budget to their completion. It was therefore viewed as most important that the 
holistic design approach: 
 
 was simple and suitably quick to apply; 
 made productive use of time along with basic resources for example through 
building libraries of recorded knowledge together with establishing templates that 
would increase the speed and value of the process over time; 
 enhanced the transparency with which the solution process may be captured and 
communicated; and 
 provided reasonably practical, consistent, repeatable, holistically meaningful and 
useful outcomes. 
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1.3  STRUCTURE OF THE DISSERTATION 
 
Section 2.0 in this dissertation describes the model for the holistic design approach 
that was developed and assessed within the context of the explicit objectives for the 
research project. The principal tools, processes and assumptions are outlined with 
respect to the holistic design approach implemented within the SAPS feasibility case 
study. An example is provided for the application of a holistic design tool that was 
developed for the purposes of holistically ranking the prospective SAPS solutions. 
 
Section 3.0 conveys the principal outcomes from implementation of the holistic 
design approach described in section 2.0. The details of the approach are expanded 
upon as specific to their evolution and evaluation within the feasibility case study for 
the SSD SAPS on the CWB. A client profile and corresponding load profile are 
developed in subsections 3.2 and 3.3. Subsections 3.4 and 3.5 describe the technical 
information and costing approaches that were used in configuring the prospective 
SAPS solutions for simulation within HOMER.  In subsection 3.6 particular features 
of relevance in holistically ranking the base case energy system solutions are 
expanded upon that were unable to be accounted for in the HOMER simulations. 
Within subsection 3.7 the holistic ranking process and outcomes are conveyed.  
 
Section 4.0 evaluates the outcomes established in section 3.0 within the context of 
the explicit research objectives that were prescribed in section 1.2. In section 5.0 a 
list is provided of the principal prospective opportunities for future research that 
were identified through the research project. Section 6.0 draws the research project to 
a conclusion and surmises the principal recommendations. An appendix of 
supporting material follows a list of references at the end of the report. 
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2.0  METHOD 
 
2.1  METHOD OUTLINE 
 
A description of the holistic design approach that was developed and assessed is 
outlined in the following subsections. Overall the research method comprised 
developing together with applying the described process and analysing the outcome. 
In essence the holistic design approach involved: 
 
 overall guidance from AS4509 part 2 which is the Australian systems design 
standard for stand-alone power systems (AS 4509.2-2002); 
 active consultation with the clients in determining the energy service and system 
expectations; 
 back of the envelope calculations to ascertain a preliminary indication in regard to 
the scope of system component options that justified a more detailed technical and 
financial evaluation; 
 using HOMER to simulate the component options within a large number of 
potentially viable energy system configurations to assist in financially and 
technically optimising prospective feasible SAPS solutions (Homer Energy 2009); 
 developing together with applying a holistic design tool to screen and rank the 
inputs along with outputs of the design process 
 identifying the holistically optimal SAPS solutions for recommendation to the 
clients. 
Master of Science in Renewable Energy Dissertation 
 
Murdoch University 
6 
 
2.2  AS4509.2 
 
The Australian Standard AS4509 part 2 was proposed for use with a view to 
providing overall guidance towards achieving a best practice SAPS design within the 
present state of the art (AS 4509.2-2002). AS4509 part 2 can be considered to largely 
encourage a holistic design approach. It may be viewed, however, to contain notably 
more detail for photovoltaic (PV) systems than the other prospective renewable 
energy sources. 
 
Useful general rules of thumb are provided within AS4509 part 2 which can be 
applied in the absence of more solution specific information. As might be expected it 
appeared that typically the greater the extent to which the rules of thumb were 
applied the more conservative a prospective design solution tended to be. 
 
Guidance from a tool such as AS4509 part 2 was considered to prove particularly 
important in meaningfully selecting compatible components when modelling an 
energy system in HOMER (Homer Energy 2009). It was viewed as equally valuable 
in assessing the technical feasibility of the simulation outcomes. Certain 
practicalities of system performance are not accounted for by HOMER in screening 
and ranking its optimised system solutions. Sufficient information, however, is 
typically conveyed through which they may be assessed with tools such as AS4509 
part 2. 
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2.3  CLIENT CONSULTATION AND SITE VISIT 
 
AS4509 part 2 concurs with the importance of actively seeking to ascertain the 
client’s genuine energy service and system expectations along with preferences 
(AS4509.2-2002, sec. 2.2-2.3). Direct client involvement in shaping the energy 
system solution can be foreseen to facilitate their formalised awareness and 
ownership of the practical limitations inherent in the design outcome. It may be 
projected to enhance the efficiency, long run reliability and satisfaction in the system 
solution (Lloyd, Lowe and Wilson 2000). 
 
A site visit was considered valuable in establishing and recording an appreciation for 
the physical characteristics that might influence the available options.    
 
2.4  LOAD PROFILE CONSTRUCTION 
 
Meaningfully constructing with the clients a realistic electricity demand load profile 
can be considered as core to designing an appropriate SAPS solution. The extent and 
flexibility of options available for the given application may be viewed to have been 
considerably enhanced by the fact that the load did not as yet exist. Practical 
emphasis was subsequently able to be placed upon benefits such as meeting thermal 
loads through direct thermal conversion of prospective energy sources, for example, 
by using solar thermal as opposed to electric water heating (AS4509.2-2002, sec. 
2.3.2-2.3.4, table A1). Meeting the electrical loads that were correspondingly 
separated out from the nonelectrical energy demands was the role to be fulfilled by 
the SAPS.  
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In establishing an as yet nonexistent electrical load further comprehensive 
advantages were able to be introduced by the client through committing to 
commensurate practices, appliances and overall equipment in determining 
(AS4509.2-2002, sections 3.1.1-3.1.6): 
 
 Electrical energy efficiency measures, including power factor and standby power; 
 Electrical demand management options (energy and power); 
 Seasonal variation (extended summer versus extended winter); 
 Energy usage (average daily); 
 Power demand (maximum continuous along with peaks); 
 Surge power demand; and 
 Provision for future growth. 
 
Following from the available research time and resources the power supply bus for 
the SAPS load was assumed to be purely ac. The option for a dc bus was excluded. 
 
Two basic seasons were defined for estimating average daily energy usage; 
“summer” and “winter”. In effect the two seasons equated to an extended 
conventional summer and winter, refer to table A1.1 in appendix A1.0. Dividing a 
standard non leap year into “summer” and “winter” enabled seasonal variation to be 
taken into account in estimating average daily energy usage. The division was based 
upon the observed transitions between the coldest and warmest months according to 
plots created for 12 years of temperature data for Cunderdin Airfield (BOM 2009a). 
It was assumed that the coldest months were in reasonable alignment with the 
shortest days in terms of daylight hours. 
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A series of tables weas developed within Microsoft Excel to capture the essential 
load profile parameters for the SAPS clients. The tables, which included an Average 
Daily Energy Usage Worksheet, were constructed with guidance from examples 
provided in AS4509 part 2 together with the Office of Energy (former Sustainable 
Energy Development Office) website (AS4509.2-2002, table A3; OE 2010b). A 
Daily Peak Load Management Map tool was integrated within one table to assist in 
visualising with the clients the peak load management opportunities that might exist 
on an hourly basis throughout an average day. The peak load profile derived from the 
tool also found application in converting the information in the Average Daily 
Energy Usage Worksheet into summer and winter Average Daily Load Profiles for 
use in configuring HOMER.   
 
Within HOMER the summer and winter Average Daily Load Profiles were used to 
create permanent occupancy annual load profiles which included seasonal variation. 
In order to further enhance the apparent realism of the annual load profiles “random 
variability” was added (Homer Energy 2009). These randomised permanent 
occupancy annual load profiles were subsequently exported from HOMER and 
opened into a template Microsoft Excel Workbook. The workbook template was 
created to convert the permanent occupancy load profiles into periodic occupancy 
load profiles. Periodic occupancy equated to the SAPS site being cyclically occupied 
on a 2 weeks on and 2 weeks off basis. 
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2.5  ENERGY SOURCES EVALUATION 
 
Based upon a prefeasibility analysis which included obtaining a preliminary 
indication of preferences from the clients the following prospective SAPS energy 
sources were selected for a more detailed evaluation (BOM 2009a; BOM 2009b; 
DEWHA 2009; Gasch and Twele 2002, 130-131; Google Earth 2009; Landgate. 
2009; Marsh 2008, 34; NASA. 2009; NREL 1997; Whale 2010): 
 
 Solar source; 
 Wind source; 
 Battery bank; and 
 Diesel generator set (genset). 
 
The detailed evaluation involved first characterising the energy sources through 
implementing what were considered the most appropriate approaches taking into 
account the available research time and resources (AS4509.2-2002, sec. 3.2.1-3.2.3, 
3.3.2, 3.4.1-3.4.4, 3.4.7-3.4.12; NREL 1997, Pryor 2008c; Pryor 2008d; Pryor 2010; 
Whale 2010). In assessing the prospective energy sources referenced practices were 
adapted as necessary to produce energy source data files that were compatible with 
the input requirements of HOMER (Homer Energy 2009).  
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2.6  BASE CASE IDENTIFICATION 
 
For a meaningful outcome to be attained from the holistic design approach it was 
considered important to include the base case energy source alternatives within the 
holistic ranking. The base case alternatives were defined as the foremost 
conventional energy source options available to the clients. Within the context of the 
given fringe of grid SSD SAPS application these were viewed to be: 
 
 Grid connection; and 
 Diesel-Battery-Inverter SAPS. 
 
A SAPS with only a diesel genset, without battery or inverter, is a further relatively 
conventional option for remote areas in Western Australia. When used in SSD 
applications it is typically necessary to implement scheduled daily operation over a 
concentrated period accompanied by aligned load demand management practices. If 
such practices are not implemented excessive wear, low efficiency, high emissions 
and exacerbated maintenance may be expected due to the low load factor otherwise 
characteristic of SSD applications (Pryor 2008b). Given that diesel was not a highly 
rated preference for the clients and taking into consideration the available research 
time, together with resources, the diesel genset only option was excluded from 
evaluation. Comprehensive analyses of different forced operation configuration 
scenarios were otherwise envisaged to be required for its meaningful inclusion. 
 
While variable speed diesel gensets were appreciated to offer promising 
characteristics for SSD SAPS applications they did not appear able to be 
meaningfully modelled in HOMER (PEP Ltd 2010b). 
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HOMER included a means for modelling grid connection as an energy source option. 
It was, however, considered to be relatively limited in respect to the precision with 
which the other evaluated energy source options were able to be modelled. There 
was in particular no provision to cater for the fixed initial capital cost of grid 
connection. 
 
A Microsoft Excel worksheet was subsequently created to perform what was viewed 
to be a more comprehensive lifecycle costing analysis for the grid connection 
alternative. The worksheet was additionally able to be used to calculate an equivalent 
cost per kWh of electricity which incorporated the fixed daily tariff charge. Entering 
this cost figure enabled the HOMER grid connection option to be more meaningfully 
configured. The Diesel-Battery-Inverter SAPS base case was able to be evaluated in 
the same manner as the other prospective SAPS solutions.  
 
2.7  BACK OF THE ENVELOPE CALCULATIONS 
 
Back of the envelope calculations (BOTECs), design estimation calculations, were 
largely carried out with guidance from AS4509 part 2 (2002, sec. 3.4.1-3.4.4, 3.4.7-
3.4.12) and Pryor (2008b, 4-5). The BOTECs enabled what may be viewed as a more 
realistic preliminary range of prospective component sizes to be modelled for 
consideration in the HOMER simulations. Although several HOMER files can be 
opened and simulations performed simultaneously there is a limit beyond which 
computer speed is reduced below practical functionality. Individual simulations can 
take well in excess of 25 minutes, while more than several hours may be involved 
where sensitivities are included in the analysis. 
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The BOTECs were additionally experienced to enable more efficient use of time and 
resources in collating technical specifications and costing information for 
configuring HOMER. Efforts were able to be focused upon a defined, indicatively 
more realistic, preliminary range of prospective component sizes.   
 
A particularly valuable role of the BOTECs was in serving as a means to gauge the 
validity of the simulation outcomes from HOMER. The indicative component sizes 
were considered to provide an advance measure of what might reasonably be 
expected to constitute technically feasible energy system solutions. As may be 
envisaged to be the case for all tools, HOMER has practical limitations, thereby 
simulation outcomes need to be interpreted with due diligence.  
 
2.8  HOMER 
 
HOMER is a software application which can be used to simulate, identify and 
optimise a large number of feasible energy system solutions. In ranking the optimum 
feasible energy system solutions HOMER primarily takes into account technical and 
economic factors. It can, however, be configured to calculate emissions from fossil 
fuel based electricity generators and take into consideration the reuse of waste heat. 
 
In HOMER, the hour by hour operation of an energy system is simulated over a full 
calendar year; therefore seasonal effects are able to be taken into consideration. It 
follows that HOMER typically functions most effectively where hour by hour data 
files are available for the electricity demand load profile along with meteorological 
parameters including for example wind speed, solar irradiation and temperature. 
Master of Science in Renewable Energy Dissertation 
 
Murdoch University 
14 
 
Overall it can be viewed that a reasonably extensive range of data inputs is required 
to model an energy system in HOMER. In addition to the electricity load profile and 
meteorological data, costing together with technical specifications are required to be 
collected to input for all items that HOMER is to review as possible components in 
the optimal feasible energy system solutions. Due to the appreciable number of 
inputs HOMER can be considered to be subject to the “Giego” principal or –  
“Garbage In Equals Garbage Out” (Pryor 2009a). 
 
Meaningful outputs from HOMER can be viewed as dependent upon due diligence in 
the input of relevant, appropriately precise and validated data. It can also be foreseen 
that the inputs and outputs of HOMER may benefit from holistic screening. An 
appreciable amount of informal holistic screening of items input into the simulation 
was experienced as possible for the SSD SAPS due to budget constraints, energy 
service expectations, corresponding energy management requirements, site 
characteristics and specific client preferences. 
 
HOMER may be considered a powerful tool for evaluating averaged energy flows. 
To optimise its effectiveness in application it was foreseen as valuable to explore and 
build awareness of the limitations that accompanied the notable strengths in the 
HOMER tool. The principal limitations of which to be aware were experienced to be 
that in screening feasible energy system solutions HOMER did not appear to attempt 
to take into account certain compatibility requirements among components including 
system voltage and peak along with surge load capacity. Battery state of charge 
(SOC) distribution likewise did not seem to be accounted for in screening solution 
feasibility and significant forms of electrical losses may perhaps be viewed to have 
been more comprehensively configurable for PV than for other energy sources. 
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To an extent, certain perceived limitations in the HOMER tool were equally 
appreciated to contribute to its flexibility along with creativity in application. 
HOMER was found to be particularly useful in optimising the relative rated 
capacities of the components in hybrid systems given the large number of different 
possible combinations. While certain practicalities of system performance appeared 
not to be accounted for by HOMER in screening and ranking its solutions, sufficient 
information was typically viewed as conveyed, through which they may be 
appropriately assessed with a tool such as AS4509 part 2. 
 
2.9  SYSTEM CONFIGURATION ESTABLISHMENT 
 
With guidance from AS4509 part 2 a generic system configuration was selected for 
modelling in HOMER (AS4509.2-2002, sec. 3.3.4). A configuration was selected 
which appeared most compatible with the system expectations of the clients. It was 
projected to enable the greatest potential for feasibly maximising the RE fraction of 
the energy system solution (AS4509.2-2002, sec. 3.4.6). 
 
2.10  TECHNICAL SPECIFICATIONS COMPILATION 
 
Compiling the technical specifications necessary to configure HOMER largely 
involved consulting along with researching the various information media provided 
by the equipment designers, manufacturers and distributors. Emails were found 
useful in maintaining a record of the large volume of information exchange that was 
involved. Templates were additionally able to be established for preliminary 
enquiries. Certain technical performance specifications, such as rated useful 
lifetimes, fulfilled the role of lifecycle costing parameters. 
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2.11  COSTING APPROACH 
 
The iterative computational power of HOMER provided what was viewed as an 
underlying practical means of optimising the economics for the large number of 
prospectively feasible SAPS configurations to be evaluated. The costing information 
reported by HOMER for feasible energy system solutions was additionally in a 
format that was consistent with the recommendations outlined in AS4509 part 2. 
Outcomes from the HOMER simulations were reported on the basis of a life cycle 
cost analysis, included a specification of system performance and offered options for 
comparison with base case alternatives (AS4509.2, sections 2.4, 5). 
 
For costing purposes a further notable strength of HOMER was considered to be its 
ability to perform comprehensive sensitivity analyses based around key system 
parameters. Within the available research time, along with resources, sensitivity 
analyses were able to be performed on the diesel genest operating and maintenance 
costs, diesel fuel price and wind speed. These parameters were perceived to embody 
the greatest level of uncertainty. Sensitivity values were additionally used to offset 
the Solar Credits (and RECS although not necessary) discount that would otherwise 
have been duplicated in SAPS solutions which included either two different types of 
wind turbines or a wind turbine together with PV (ORER 2010). 
 
Costing information was, in general, collated through the same process as outlined in 
section 2.10 for technical specifications. As might be expected, installation costs, 
including footings and foundations, along with maintenance costs, proved overall 
most challenging to establish. Typically these were conveyed as too site specific or 
variable for a meaningful preliminary estimation. 
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Averaged costs attained through the costing research were used to configure 
HOMER. Where limited information was available the averaged costs were adjusted 
slightly toward the conservatively high end of the recorded scale. 
 
Opportunity costs were included within the costing configurations for each item of 
equipment modelled in the HOMER simulations. The opportunity costs were 
charged according to the time commitments of the clients that were projected to be 
involved in the SAPS system equipment options. A cost of 17 $/hr, slightly above the 
minimum wage in Australia of 14.31 $/hour, was charged for the time input 
requirements of the clients (Fair Work Online 2010). It was viewed that these time 
commitments for the clients might otherwise be put towards earning an income, 
higher education or participation in leisure activities. The labour input from qualified 
technicians was in contrast charged at a rate of 30 $/hour; this was based upon 
indicative rates for an electrician, diesel mechanic and labourer (PayeScale 2010). 
 
 Including the opportunity costs for the clients was considered compatible with the 
intent of the holistic design approach. It was perceived that a perhaps unjustifiably 
pronounced economic advantage might otherwise be conveyed by HOMER for 
equipment for which the clients, as opposed to a suitably qualified technician, were 
able to perform or notably contribute to the installation and maintenance costs. 
Placing a value on the time commitments required from the clients for these 
activities, along with the general operation of the SAPS, enabled a more equitable 
economic comparison between the available options. 
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A comprehensive costing analysis may be considered to have been performed for 
each item of equipment modelled in the HOMER simulations. The analyses took into 
account estimations for what were projected to be the major costing items, such as 
added transport costs due to the remote location, labour charges for time in transport, 
freight charges, onsite storage during initial installation, specialised installation or 
maintenance machinery, installation of SAPS equipment enclosures, meals along 
with accommodation (where appropriate), materials (including consumables used in 
maintenance), and ongoing trimming of surrounding vegetation. A project lifetime of 
20 years was assumed for the purposes of the life cycle costing analysis.  
 
Preliminary design estimations suggested electrical transmission cables to be a 
significant cost factor for the different energy source options to be evaluated. In 
costing each individual energy source an estimate was subsequently included for the 
transmission cables necessary to interconnect the energy source within the SAPS 
system (AS4509.2-2002, sec. 3.4.12, table C1; EM 2010a; Kilowatts 2010; RBC 
2010; The 12 Volt Shop 2010). 
 
A REC price of $35 was assumed to be a reasonable average value in calculating the 
RECs and Solar Credits eligibility for the PV and wind turbine energy conversion 
devices (EFP 2010; EM 2010b; IPSOS 2010; ORER 2010; Renewablelogic 2010, 1) 
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2.12  HOLISTIC DESIGN TOOL DEVELOPMENT 
 
While AS4509 part 2 and HOMER were considered valuable design tools neither 
provided a means to rank the comparative holisticity of prospective energy system 
solutions. The following subsections outline the holistic design tool that was 
developed and evaluated for that purpose. Development of the holistic design tool 
was guided by the explicit objectives for the holistic design approach as prescribed in 
section 1.2. 
 
2.12.1  Lessons Used 
 
In developing the holistic design tool lessons were used from what were considered 
three particularly relevant inductive reasoning methods. Inductive reasoning methods 
provide approaches to compiling related facts for use in inferring the characteristics 
of a prospective solution that are not yet known (Heit 2000; SEP 2008). The three 
inductive reasoning methods from which lessons were drawn were 
 
Method 1 - The Five Fundamental Holistic Facets 
What may be perceived as the five fundamental facets of a holistically sustainable 
energy solution were largely derived from the Renewable Energy and Sustainable 
Development course at Murdoch University (Fuller 1990; SEEMU 2008). 
 
 Social (including cultural) 
 Economic  
 Environmental  
 Technical (including practical) 
 Political   
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Method 2 - De Bono’s Six Thinking Hats 
A tool whereby each person in a 
meeting adopts the same colour 
hat with the colour being varied 
according to the line of thinking 
agreed as most constructive to 
progressing the stages in a well 
balanced solution (de Bono 1985; 
12Manage 2010) (refer to figure 
2.12.1.1). 
 
 
 
Method 3 - Failure Mode and Effects Analysis (FMEA) 
An engineering tool used to quantitatively rank collectively identified potential 
causes of problems based upon the risk they may occur in a product without 
detection and the severity of the consequences (Chin et al. 2009), see table 2.12.1.1. 
 
Table 2.12.1.1  FMEA Example Rating Scale; Severity Rating of a Potential 
Problem  (Chin et al. 2009, 247) 
 
 
 
Figure 2.12.1.1  De Bono’s Six Thinking Hats 
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2.12.2  Bullet Points Analysis (BPA) 
 
The first stage in applying the holistic design tool to a prospective component or 
system solution involved carrying out a Bullet Points Analysis (BPA) within each of 
the five fundamental holistic facets, refer to Method 1 in section 2.12.1. Based upon 
the resulting bullet point lists a Holistic Weight (HW) was assigned to the potential 
solution within each of the five Holistic Facets. 
 
There were four bullet points categories included in each analysis which were 
defined as: 
 
 Active Benefit – active benefits that establish the prominence of the solution 
within the fundamental holistic facet (HF). Active benefits are immediately 
realisable benefits achievable through the solution within the present state of the 
art of the industry. 
 
 Challenge – challenges to be appreciated and actively resolved in order to yield 
the full benefits within the HF of the prospective solution being evaluated. 
 
 Enabling Mechanism – enabling mechanisms to actively resolve challenges to 
achieving the full benefits from the HF. 
 
 Opportunity – specific opportunities for development within the HF. 
 
Upon completion of the BPA the HWs assigned to a potential solution were entered 
into a spreadsheet. The spreadsheet calculated the holisticity parameters and plotted a 
Holisticity Curve. These outputs were used to holistically rank the potential solution. 
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2.12.3  Example Application of the Holistic Design Tool 
 
The following subsections demonstrate in further detail the principal features of the 
holistic design tool together with the process involved in applying it to a prospective 
energy system solution. For the purposes of the demonstration the holistic design 
tool is applied to a purely theoretical prospective PV energy system solution.  
 
2.12.3.1  Bullet Points Analysis by Example 
 
Principal factors listed in the BPA for the economic facet of the theoretical 
prospective PV energy system solution may be expected to include, refer to section 
2.12.2. 
 
ACTIVE BENEFITS 
 Competitive established industry ... 
 
CHALLENGES 
 High initial cost of investment ... 
 
ENABLING MECHANISMS 
 Rebates are available in the form of Solar Credits and RECs. 
 Long life of solar panels (life cycle costing worth investigation) ... 
 
OPPORTUNITIES 
 Reducing component replacement costs; a growth industry ... 
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2.12.3.2  Holistic Weights Scale by Example 
 
Following completing 
the BPA an HW is 
inductively reasoned for 
each fundamental HF of 
the theoretical 
prospective PV energy 
system solution. In 
inductively reasoning 
the economic and 
technical HWs the 
respective performance 
of the PV energy system 
relative to other 
prospective system 
solutions within the 
HOMER simulations is taken into account together with the bullet points listed in the 
BPA. The HWs are inductively reasoned with guidance from the rating scale shown 
in Table 2.12.3.2.1. 
 
For the purposes of demonstrating the next stage in the holistic design tool process it 
is assumed that following a review of the BPA for each HF, together with the 
outcome from the HOMER simulations, the HWs have been inductively reasoned as 
 
Social =  0.90,  Economic  =  0.95,  Environmental  =  0.05,  Technical =  0.95 and 
Political =  0.90. 
Table 2.12.3.2.1  Holistic Ranking Scale - Applicable to 
HW, HBP and HI 
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2.12.3.3  Three Calculated Holisticity Ranking Parameters by Example 
 
There are three calculated parameters that are important in determining the 
corresponding holistic ranking of the theoretical prospective PV energy system 
solution. The equations used to calculate these parameters are given in appendix 
A2.0. Based upon the inductively reasoned HWs in section 2.12.3.2 the three 
calculated parameters are as follows 
 
1.)  Holistic Balance Point (HBP) – The average for the HWs assigned to the five 
fundamental HFs;   
HBP(theoretical PV system) = 0.75 
 
2.)  Mean Holistic Imbalance (MHI) – A measure of the spread in the HWs about 
the HBP. A high value corresponds to a higher imbalance; 
MHI(theoretical PV system) = 0.11 
 
3.)  Holisticity Indice (HI) - It is the HI according to which the potential solution is 
holistically ranked. The magnitude of the HI is primarily determined by the HBP 
with a secondary fine adjustment according to the MHI, that is HI = HBP – MHI; 
HI(theoretical PV system) = 0.64 
 
The theoretical PV system may be holistically compared with other prospective 
energy sources such as wind or diesel. 
 
An important point needs to be noted where there are two potential solutions with the 
same value for their HBP. The solution with the lowest MHI will have the larger HI 
and therefore a higher holistic ranking.  
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2.12.3.4  Holisticity Curve by Example 
 
Figure 2.12.3.4.1 shows the Holisticity Curve for the theoretical prospective PV 
energy system solution. The key features of the Holisticity Curve, as shown in figure 
2.12.3.4.1, are: 
 
 the plot of the HWs which are colour coded according to the 5 fundamental HFs; 
 a black dashed horizontal line with triangular markers corresponding to the HBP; 
and 
 a solid purple horizontal line with circular markers that indicates the HI used to 
rank the potential solution on the Holisticity Index. 
 
 
 
 
 
 
Figure 2.12.3.4.1  Holisticity Curve for a Theoretical Prospective 
PV Energy System Solution 
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2.12.4  Holistic Ranking Process 
 
The following subsections describe the holistic ranking process implemented by the 
holistic design tool. 
 
2.12.4.1  Holisticity Index Filter 
 
In developing the Holistic Design Tool a particular rule was established according to 
which the Microsoft Excel worksheet calculations automatically assigned a rating of 
negative “1.00” (-1.00) to the HI for a potential solution which featured one or more 
negatively valued HWs. There were a number of principal reasons for introducing 
the rule, refer to figure 2.12.4.1.1. 
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 Solutions were eliminated by the rule which, as illustrated in figure 2.12.4.1.1 by 
the Holisticity Curve to the left, might achieve a reasonably high positive HI 
despite having an extremely low HW in one or more HFs. 
 The rule further achieved a preliminary screening of solutions, similar to that 
shown in the Holisticity Curve to the right in figure 2.12.4.1.1, prior to modelling 
them in tools such as HOMER which clearly would not pass them as feasible. 
 Following from the equations used to calculate the holisticity parameters the rule 
additionally eliminated what were viewed to be largely irrelevant inconsistencies 
which otherwise affected HI values that approached near negative “1.00” (-1.00). 
 A negative HW was considered to equate to a solution which was not acceptable 
for holistic ranking as a potential option in the short run. 
 
 
 
 
Figure 2.12.4.1.1  Holisticity Index Filter; Unacceptable Environmental HW 
in the Holisticity Curve to Left, Unacceptable Economic and Technical HWs 
in the Holisticity Curve to the Right 
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2.12.4.2  Holisticity Index Scale 
 
Prospective energy system solutions were holistically ranked on a scale referred to as 
the Holisticity Index. The scale from negative “1.00” (-1.00) to positive “1.00” 
(+1.00) conveyed in table 2.12.3.2.1 was used for all parameters plotted on the 
Holisticity Curve and included the Holisticity Index. Due to the filtering rule 
outlined in section 2.12.4.1, however, the HIs calculated for potential solutions 
considered acceptable for holistic ranking were refined to the portion of the scale 
from zero (0.00) to positive “1.00” (+1.00). It therefore followed, as shown in figure 
2.12.4.2.1, that for the HI calculated for a potential solution: 
 
 positive “1.00” (+1.00), or unity, corresponded to the highest possible ranking 
(which can perhaps be equated to the most highly positive middle path to a 
solution as encouraged within some philosophies); 
 a value near positive “0.50” (+0.50) was interpreted as “moderately positive” in 
being positioned towards the middle of the positive scale; and 
 the minimum value accepted for holistic ranking was zero “0.00” (0.00). 
 
 
 
Figure 2.12.4.2.1  Holisticity Index Ranking Scale; Illustrated on Holisticity Curves  
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2.12.4.3  Holisticity Index Ranking Interpretation 
 
Figure 2.12.4.3.1 demonstrates what may be viewed as the fundamental features 
according to which the relative holisticity of prospective energy system solutions are 
ranked by the holistic design tool. All of the HWs in figure 2.12.4.3.1 are positive or 
equal to zero therefore all three prospective energy system solutions are eligible for 
holistic ranking. Each of the three prospective energy system solutions has an HBP 
of “+0.50”. The MHIs of the prospective solutions are, however, from left to right 
“0.13”, “0.10” and “0.03”. It follows that according to the holistic design tool the 
solution to the far right in figure 2.12.4.3.1 has the highest relative holistic ranking 
(highest HI) on the Holisticity Index while the solution to the far left has the lowest 
relative holistic ranking.  
 
 
 
 
  
Figure 2.12.4.3.1  Holisticity Index Ranking Interpretation; Illustrated on 
Holisticity Curves  
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It is important to emphasise that it was the comparative holistic ranking of the 
solutions that was considered to have meaning within a given project. The 
magnitudes of the HIs may be envisaged to vary notably between projects dependent 
upon progressive developments in the contributing holistic factors, individuals’ 
values (including the clients), resources and underlying objectives involved in 
assigning the HWs. It is to be commensurately appreciated that the calculated HIs 
were not to be interpreted as absolute definitive generically representative measures 
of the relative holisticity for the particular technologies that were evaluated. The 
method used for the holistic design tool to research, analyse, inductively reason, 
calculate and transparently communicate the relative HIs, however, was envisaged to 
remain consistent between projects. 
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3.0  RESULTS 
 
3.1  RESULTS OUTLINE  
 
The following subsections convey the principal outcomes from application of the 
holistic design approach methodology outlined in section 2.0 to the SAPS case study. 
 
3.2  CLIENT AND SITE PROFILE 
 
In essence the principal objective for the clients was to build what was referred to as 
a “shed” on their relatively remotely located site to use as a periodic residence or 
“weekender”. The small domestic periodic residence (SDPR) was to include a garage 
which was to serve the dual purpose of a workshop. A selection of power tools was 
to be housed within the workshop. 
 
While on average the SDPR was expected to be occupied by 2 people it was to be 
designed to embody sufficient capacity to cater for a third occupant or visitor. In the 
long run it was projected that the clients might occupy the residence on average one 
week in every four (client email December 21, 2009). Based upon forecasted usage 
in the short run, however, it was agreed that a cyclic occupancy of two weeks on and 
two weeks off would be an appropriately conservative load profile for simulation in 
HOMER. It was foreseen this might further account for potential load growth due to 
occupancy by persons other than the clients.  
 
A shortest route grid extension distance of 2.125 km to the site boundary was 
approximated by Western Power subject to feasibility. It was estimated by the clients 
that the total distance of the SDPR from the electricity grid was 3 to 4 km.   
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The clients may be considered to have appreciable 
active values, experience and connections with 
respect to sustainable living practices. For the 
clients an underlying purpose for their maintaining 
ownership of the site, a subdivision of the former 
family farm, was to revegetate it with native trees 
(refer to figures 3.2.1 and 3.2.2). Around 10,500 
native trees had already been planted on the 100 
acre site. A further 10,500 were to be planted later 
in the year. In regard to prospective energy sources for the SAPS it was a priority of 
the clients to maximise the RE fraction. The dependence upon energy sources that 
produce polluting emissions was to be minimised or ultimately avoided.  
 
 
Figure 3.2.1  Proposed Site for the SDPR SAPS on the Central Wheat Belt of 
Western Australia 
(looking down from the prospective wind turbine location) 
 
 
 
Figure 3.2.2  Site Revegetation 
with Native Trees 
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There was a history for the use of wind in water pumping on the subdivided family 
farm. The clients further had an appreciation for photovoltaics through an array 
installed at their permanent residence. Following from the energy source preferences 
of the clients the revegetation was experienced as an interesting example of where 
the challenges for a holistic design approach might come into effect. Revegetation 
was clearly beneficial for the environment. It, however, introduced challenges in the 
need to consider techniques to maintain the technical, environmental and economic 
feasibility of the accessible wind source. The same challenges influenced the solar 
source on a more localised basis. 
 
A visit to the site enabled potential wind turbine and PV array locations to be 
evaluated. The envisaged most feasible wind turbine location that might achieve 
reasonable access to the available wind source was situated at the southwest corner 
of the site (refer to figure 3.2.3). A small group of trees on a neighbouring property 
marked the top of a gradual westward slope at the site. When looking in the westerly 
direction, the potential turbine location was around 360m short from the small group 
of trees. The SDPR was to be in the shelter of a group of trees towards the southeast 
corner of the site. A large clearing to the east of these trees was confirmed, using a 
solar path finder, to have good potential as a location for a PV array. 
 
For the purposes of the feasibility analysis the data used in the wind source 
assessment for the site was obtained from Cunderdin Air Field. As part of the site 
visit the opportunity was taken to inspect the air field anemometer (see figure 3.2.4).  
The most significant obstacles surrounding the anemometer were observed towards 
the southeast in the form of the air field buildings and trees. Overall the terrain 
viewed toward the north was typical of the majority of the surroundings.  
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Figure 3.2.4  Cunderdin Air Field Weather Station Exposure: 
TOP – looking north; BOTTOM - looking south 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
Figure 3.2.3  Prospective Site Layout for the SAPS 
(Google Earth 2009, bottom image) 
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3.3  LOAD PROFILE 
 
The following subsections outline the resulting characteristics of the SAPS load 
profile constructed with the clients. 
 
3.3.1  Electrical Energy Service Expectations 
 
Particular importance was placed upon identifying the energy service expectations 
with the clients as opposed to merely providing electrical energy. The energy 
services that were subsequently identified as most appropriately met by energy 
sources other than the SAPS are listed in table 3.3.1.1 (AS4509.2-2002, sec. 2.1.1, 
2.3.1-2.3.4, table A1). One self proclaimed luxury SAPS energy service which the 
clients allowed themselves was the free rein operation of a Jura International 
Impressa S9 One Touch Coffee Machine (Jura International, 2010). This along with 
the other higher energy and power usage items of equipment contributed to the 
interesting challenges in the SAPS load profile construction.         
 
In addition to the present energy service expectations potential future load growth 
was accounted for with the clients. For the clients the forecasted future load growth 
equated to the installation of an evaporative air conditioner for use over the summer 
season. There was no future load growth expected for the winter season.  
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3.3.2  Load List 
 
A list of equipment that constituted the SAPS load profile was compiled with the 
clients (refer to table A3.1 in appendix A3.0). In compiling the list the energy 
efficiency and overall load management practices outlined in section 2.4 were 
implemented. The process was viewed to be extremely unnecessarily challenging 
due to a phenomenon referred to by the electrical equipment designers and 
manufacturers as “customer care” centres. Customer care centres appeared in effect 
to be barriers to obtaining with sufficient confidence the necessary technical 
equipment design parameters to meaningfully compare performance and estimate 
average daily energy usage. 
Table 3.3.1.1  Service Expectations identified as Best Met by 
Energy Sources other than the SAPS 
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 The customer care centres introduced what were experienced as barriers or overly 
complicated indirect paths to attaining technical information for equipment. A vast 
majority of equipment related websites redirected all contact to a customer care 
centre. In many cases it appeared the customer care centre was in fact a single 
company which had no direct affiliation with the companies or equipment which it 
had been contracted to represent. Where technical information for items of 
equipment was able to be extracted from the customer care centres some very 
questionable interpretations of basic electrical parameters were conveyed. 
 
A possible reason for the existence of customer care centres was envisaged to be for 
reasons of legal liability or concerns over misinterpretation of technical information 
in respect to proclaimed equipment performance. It was foreseen that introducing an 
independent barrier between the customer and equipment designers or manufacturers 
might alleviate to a certain extent the direct responsibility for perceived instances of 
misinformation. 
 
The existence of customer care centres was ultimately considered to render it nearly 
impractical to obtain parameters such as the Power Factor and sufficient information 
to derive surge factors. As a consequence the rules of thumb provided in AS4509 
part 2 for such parameters proved valuable for a relatively high proportion of the 
proposed electrical equipment in enabling construction of the SAPS load profile to 
meaningfully proceed (A4509.2-2002, sec. 3.1.4.3, table A3). Particular efforts were, 
however, made to refine these parameters for what were viewed as key items of 
equipment, for example, the refrigerator and lighting. While a typical power factor 
was used for compact fluorescent lighting, markedly more efficient products in that 
regard are available.  
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3.3.3  Energy Usage 
 
As part of compiling and refining the load list (refer to section 3.3.2) the 
corresponding average daily energy usage for each item of equipment was estimated 
with the clients (see table A3.1 in appendix A3.0). Average daily energy usage 
equated to evenly distributing the forecasted energy usage of an item of equipment 
over the days between and including its actual day of use. As shown in table A3.1, 
the subsequent combined totals for the estimated average daily energy usage to be 
met by the SAPS were: 
 
 Present summer – average daily energy usage  =  7.52 kWh/day 
 Present winter – average daily energy usage  =  6.65 kWh/day 
 Future summer – average daily energy usage  =  12.68 kWh/day 
 
3.3.4  Peak and Surge Loads 
 
Based upon information entered by the clients the Daily Peak Load Management 
Map tool outlined in section 2.4 was configured to plot curves to illustrate the 
potential hourly peak power demand characteristics for the SAPS (refer to table A4.1 
in appendix 4.0 together with figure 3.3.4.1). In combination the tabulated and 
graphical information was subsequently evaluated and refined with the clients to 
obtain patterns for the expected daily peak power demand profiles during the present 
summer, present winter and future summer seasons.  The resulting daily peak power 
demand profiles were used to shape the corresponding average daily load profiles 
that formed the basis of configuring the present and future SAPS load profiles within 
HOMER (refer to section 3.3.6). 
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[KEY:  s max  = summer total of all potential power loads within a given hour; 
s ≥ 30 min = summer total of all potential power loads with continuous duration 
greater than 30 minutes within an a given hour; 
Inverter continuous = rated continuous power capacity of inverter; 
Inverter 30 minutes = rated half hour peak power capacity of inverter] 
 
 
 
A process was developed which was assumed appropriate for shaping 
commensurately representative SAPS load profiles for configuring HOMER. Within 
the Daily Peak Load Management Map tool it was required that for each unique item 
of equipment the clients tag the hours in the day in which the equipment might be 
operated. In constructing the average daily load profile, the average daily energy 
usage, which was listed for a given item in table A3.1 in appendix A3.0, was 
subsequently distributed evenly among each of the hours in the day for which the 
clients had indicated they might wish to operate the equipment. It followed that the 
peak power characteristic for certain items of equipment was highly diluted within 
the average daily load profile despite them having relatively high rated power draws. 
Figure 3.3.4.1  Peak Load Map Management Curve – 
Present Summer Load Profile 
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The rated power draw for an item of equipment was typically most highly diluted 
where, due to a short daily usage time, it had a comparatively low average daily 
energy usage. Where it was indicated that such an item may be operated within a 
large number of different hours in the day the rated power draw was particularly 
notably diluted.  
 
Overall the outlined outcomes were considered appropriate to the process of 
constructing the average daily load profiles for HOMER. It was assumed that 
relatively dispersed and variable times in the day at which an item might wish to be 
operated for short durations may be envisaged to afford it greater flexibility for 
scheduling to avoid excessive peak or surge loads within the SAPS system.  
According to the process, items contributed closest to their rated power draw within 
their allotted hours, where they had long daily usage times or little variation in 
desired time of operation was indicated by the clients. 
 
Certain items were found to have inherent load management characteristics which 
were unable to be accounted for within the hour by hour resolution of the Daily Peak 
Load Management Map tool. The power tools, for example, were expected to be 
largely used by only one of the clients. It was therefore considered unlikely that more 
than one of the power tools would be operated at any given moment. The large total 
peak power demands shown in figure 3.3.4.1 between “10-11” and “15-16” hours 
were correspondingly able to be traced through table A4.1 in appendix 4.0 and 
commensurately managed to refine the expected half hour peak loads for the SAPS.  
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The process used to construct the average daily load profiles for the SAPS was 
further assumed acceptable due to the characteristics of the inverter configuration 
options in HOMER.  It did not appear that HOMER could be configured to 
meaningfully take into account the inverter half hour peak power capacity. 
 
In HOMER the feasibility of the system energy flows through the inverter were 
determined by its continuous rated capacity. The same was experienced to be the 
case for the other system components. It was therefore considered of foremost 
importance that efforts were made to ensure that the average daily load profile 
meaningfully embodied the proportional distribution in expected energy flows 
throughout the day. If the averaged daily load profile attempted to include the 
absolute magnitude of the expected peak half hour power demand it was foreseen 
that HOMER would in fact erroneously overestimate the necessary continuous rated 
capacity of the SAPS system components.    
 
As outlined in section 3.3.2, guidance from AS4509 part 2 proved particularly 
valuable in establishing indicative surge loads for a relatively high proportion of the 
proposed electrical equipment that constituted the SAPS load. The permissible peak 
and surge loads within the SAPS system were primarily determined by the 
corresponding rated capacities of two separate inverter options that were selected for 
simulation in HOMER (refer to section 3.3.7 and figure 3.3.4.1). Selection of the two 
inverters included research into the inverter sizes used in comparable capacity SAPS 
systems (EM 2010c; OES 2010; RISE 2010; Watts2C 2010). It further involved an 
evaluation of the load management options with the clients to ensure commensurate 
confidence existed that the inverters had the capacity to meet their peak and surge 
load energy service expectations (refer to sections 3.3.5).   
Master of Science in Renewable Energy Dissertation 
 
Murdoch University 
42 
 
Reference to figure 3.3.4.1 provides an example for the observation that the expected 
continuous load was typically shown to be well below the corresponding continuous 
rated capacity of the two inverter sizes to be considered. This was interpreted to 
suggest that there existed significant potential to make markedly more efficient use 
of the inverter and corresponding overall system capacity as a whole through 
commensurate peak together with surge load management. Short usage time items of 
equipment with high rated powers appeared to contribute most notably to the peak 
and surge loads. The refrigerator was perhaps the foremost exception. 
 
3.3.5  Load Management 
 
Various load management schedules were evaluated to ascertain with the clients that 
acceptable options existed to enable the feasible use of the two inverter sizes to be 
considered in HOMER, refer to section 3.3.7. The larger capacity inverter permitted 
marginally more flexible combinations of short usage, high power equipment to be 
simultaneously operated and superimposed on the base load. 
 
Load management schedules in effect involved creating grouped lists of high power 
short duration periodic usage equipment from which the clients could select a 
defined number of items to acceptably operate simultaneously at a given moment in 
the day. The schedules took into account the base load along with less flexible high 
power short usage equipment within the given hour or a part of the day upon which 
the selected short usage high power items would be superimposed. An example of a 
relatively high power short duration less flexible item of equipment was experienced 
as the Jura International Impressa Coffee Machine as introduced in section 3.3.1. 
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Due to the available research time and resources the prospective load management 
schedules developed for the present and future load scenarios were not edited for 
inclusion in reporting. 
 
3.3.6  Average Daily Load Profile 
 
The resulting average daily load profiles that were constructed according to the 
developed approaches along with consequent outcomes outlined in sections 3.3.1 to 
3.3.5 are shown in figure 3.3.6.1. Figure 3.3.6.2 conveys examples of the 
characteristics in the corresponding load profiles that were configured in HOMER 
using these average daily load profiles (refer to section 2.4). The examples from 
HOMER are given for the present periodic load profile.  
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Figure 3.3.6.2  SAPS Load Profiles Configured in HOMER  : TOP - Present 
Summer Daily Loads with Random Variability Added; BOTTOM – Present 
Annual Periodic Load Distribution with 2 Weeks on and 2 Weeks off  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.3.6.1  Average Daily Load Profiles Constructed for use in 
HOMER: TOP - Present Summer; MIDDLE – Present Winter; 
BOTTOM – Future Summer 
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Table 3.3.7.1  Perceived Key Design Parameters for the Two Inverters 
Simulated in HOMER, all Ratings for Operating Temperature of 40 
o
C 
3.3.7  Inverter Sizing 
 
Two different inverters were selected for simulation in HOMER. As outlined in 
sections 3.3.4 and 3.3.5 the inverters were selected based upon research into 
comparable capacity SAPS systems along with an evaluation of compatible load 
management schedules with the clients. 
 
Table 3.3.7.1 summarises what were viewed to be the key technical parameters of the 
inverters within the context of the design approaches and outcomes outlined in 
sections 3.3.1 to 3.3.6. In assessing the rated capacities of the inverters safety factors 
for the maximum half hour load and surge demand were calculated for the various 
corresponding load management schedules developed with the clients. Table A4.1 in 
appendix A4.0 provides an example for the maximum half hour load and surge 
demand calculated for the present load expectation profile of the SAPS for one 
prospective load schedule that was reviewed for the 3.5 kW inverter. 
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In addition to defining the maximum acceptable continuous together with half hour 
peak and surge loads the inverter determined the dc system voltage. AS4509 part 2 
conveyed for the SAPS a corresponding recommended maximum peak half hour 
system current of 120 amps. Within table 3.3.7.1 it can be seen that the rated peak 
half hour current for the 3.5 kVA (3500 VA) inverter exceeded the recommended 
current by approximately 22%. The recommended current can be envisaged as 
intended to assist in avoiding excessive electrical losses. As outlined in section 2.11, 
managing the design electrical transmission losses within prescribed suitable limits 
was determined to be a significant contributing factor in the relative cost of 
prospective energy source solutions (AS4509.2-2002, sec. 3.4.12).  
 
The 4.0 kVA (4000 VA) inverter provided an alternative which offered slightly 
greater flexibility within load schedules. It was additionally viewed as an option 
through which to potentially more cost effectively reduce the design electrical 
transmission losses within the SAPS system. These envisaged prospective benefits 
did not appear to be able to be meaningfully simulated in HOMER (refer to section 
3.3.4). They needed to be taken into practical consideration in screening the 
outcomes from the HOMER simulations. HOMER, in effect, chose the smallest 
inverter whose continuous rating was greater than the peak energy flows within the 
configured load profile. Electrical transmission losses were of particular significance 
to the prospective wind turbine energy source for the SAPS due to its forecasted 
remote location relative to the SDPR, see figure 3.2.3.  
 
Within the HOMER simulations it was observed that only the diesel genset charged 
the battery bank through the inverter. It appeared HOMER assumed the RE 
conversion devices charged the battery bank via separate battery charge controllers.  
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Aside from the perceived greater challenges with load management and electrical 
losses certain benefits were foreseen with using the smaller capacity 3.5 kVA 
inverter. Fewer batteries of a given type were required to be connected in series to 
achieve the corresponding lower system voltage for the inverter. It was envisaged 
that the battery bank might thereby be more amenable to expansion by the clients 
through adding further strings of batteries to meet future load growth in accordance 
with energy service expectations and budget. The smaller capacity inverter might 
additionally be expected to more frequently operate at a higher proportion of its rated 
continuous power output and therefore achieve a correspondingly greater overall 
efficiency (refer to table 3.3.7.1 and figure 3.3.4.1). 
 
In researching suitable inverter sizes, further confidence was established in the 
approach of using perceived suitable inverter capacities to shape the system load 
profile with the clients (refer to section 3.3.4). The approach appeared comparable 
with what was observed to be the relatively established SSD SAPS industry practice 
of offering to clients a range of “plug and play” systems. It was conveyed by the 
industry that the practice had been adopted following from a number of years 
experiencing the time and resource challenges involved with repeatedly designing 
individually customised systems which were often subsequently misused. 
 
A plug and play system essentially offers to clients a defined capacity of various 
energy conversion devices in combination with a matched battery bank. Clients 
select a system with guidance from the suppliers. The system is provided on the 
understanding and commitment that the clients will develop commensurate load 
management practices through exploring (“playing”) with the system’s capabilities 
relative to their energy usage patterns (OES 2010; Watts2C 2010).  
Master of Science in Renewable Energy Dissertation 
 
Murdoch University 
48 
 
Provision for expansion can be integrated into plug and play systems. The ability to 
expand the energy conversion and storage capacity enables a degree of customisation 
following having explored the system’s capabilities. It was envisaged that designing 
standardised plug and play systems might support the involvement of larger design 
teams and thereby increased diversity in perspectives along with resources. Such 
teams may offer the potential for further development opportunities for the holistic 
design tool. 
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3.4  SYSTEM ENERGY SOURCES 
 
The following subsections outline the principal outcomes that were unique to 
configuring each prospective energy source for simulation in HOMER. In 
accordance with section 2.5, the energy conversion devices and storage which 
corresponded to the prospective energy sources for the SAPS system were: 
 
 Diesel genset; 
 Battery bank; 
 Wind Turbine(s); and 
 Photovoltaic Array.  
 
 
3.4.1  Diesel Genset 
 
3.4.1.1  Back of the Envelope Calculations 
 
For the diesel genset the sizing calculations outlined in AS4509 part 2 were used as 
the basis for estimating a range of rated capacities to simulate in HOMER 
(AS4509.2-2002, sec. 3.4.11). The BOTECs were performed based upon the peak 
and surge loads for various prospective load management schedules developed for 
the two inverter sizes to be simulated in HOMER. BOTECs were carried out for each 
of the perceived prospectively equivalent operating configurations for the diesel 
genset within the SAPS, including series, switched and parallel. 
 
  
Master of Science in Renewable Energy Dissertation 
 
Murdoch University 
50 
 
An Exide Energy Store 6RP830NX battery was projected through calculation as 
potentially most suitable for the diesel genset battery bank. It was subsequently used 
to calculate the maximum apparent power capacity of the battery charge controller 
for use in the genset sizing calculations. Typical values of “1.1” for the “genset over-
size factor” and  “2” for the “alt. surge ratio” as given in AS4509 part 2 were adopted 
in all of the genset sizing calculations (AS4509.2-2002, sec. 3.4.11). The genset was 
assumed to be located in a largely solar passively climate controlled shelter, 
therefore no derating factors were applied. 
 
Based upon the BOTECs together with research into available industry standard 
rated capacities a suitable range of sizes to simulate in HOMER was estimated to be: 
 
5.0 kVA, 6.5 kVA, 8.0 kVA and 10.0 kVA 
 
3.4.1.2  Technical Specifications 
 
Three main information sources contributed to the technical specifications used in 
configuring the operating parameters and costs for the diesel genets simulated within 
HOMER. The three sources were Generator Place (2010), Watts2C (2010) and PEP 
Ltd (2010a). Within the scope of the industry research that was performed, PEP Ltd 
was considered to have the most suitable range of diesel gensets for the given SAPS 
application. PEP Ltd was subsequently the principal source of information for the 
technical specifications. 
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For the diesel gensets the most challenging technical specification to obtain was the 
fuel consumption over the full range of power output.  The limited information that 
was obtained typically suggested fuel curve slopes that were viewed to be in 
reasonable agreement with the default fuel curve setting in HOMER. Notably 
unreliable corresponding fuel curve intercept coefficients were, however, observed 
which were at times negative in value. The default HOMER fuel curve settings were 
subsequently used for all of the simulated diesel gensets. 
 
Although the diesel gensets had a minimum rated load ratio of 60%, a 30% ratio was 
required to be configured in HOMER in order to attain what where considered 
reasonably practical simulation outcomes. This was projected to be due to the 
particularly low load factor of the SAPS load profile in not having been specifically 
developed for alignment with strategically scheduled operation of the gensets (refer 
to section 2.6). At 60% load ratio a large dump load was required for the genset. 
 
The default emissions factors were used for simulating the diesel gensets in HOMER 
 
3.4.1.3  Costing 
 
Overall the same primary information sources as outlined in section 3.4.1.2 were 
used in configuring the costs for the diesel genets simulated within HOMER. All cost 
items in section 2.11 were accounted for. Where a diesel genset was included in the 
SAPS it was costed to be housed within a specifically constructed separate ventilated 
room that constituted an extension of the battery bank shed. The room was assumed 
to be lined on the walls and ceiling with batts that had noise together with thermal 
insulation properties. A sheet metal drip tray and 100 litre fuel tank were priced into 
the installation along with an engine protection control unit. 
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It was experienced that a significant amount of detail was involved in estimating the 
relatively intensive operating and maintenance (O&M) costs for the diesel gensets. 
Appreciable uncertainty was in practice conveyed to surround the actual genset 
operating hours at which the O&M events might be expected to occur. What may be 
viewed as conservatively frequent occurrences of the O&M events were 
subsequently adopted which were primarily based upon the available maintenance 
literature for the diesel gensets. A sensitivity analysis was consequently performed 
on the O&M costs for the diesel gensets in the HOMER simulations. 
 
Aside from the diesel fuel the principal O&M costs for the diesel gensets included 
the air filter, fuel filter, oil filter, v-belt, oil, coolant, fuel pump, rubber fuel hoses and 
painting the shed once every ten years. Reasonably frequent top overhauls were 
further involved together with a single major overhaul during the nominal rated 
useful life of the diesel genset. 
 
Consistent with the outcomes from industry research, the top overhauls were costed 
to comprise mainly of periodic comprehensive performance checks and 
commensurate tuning of the diesel engine. The major overhaul essentially accounted 
for the servicing or replacement of major engine components. A sensitivity analysis 
was performed in HOMER for the diesel fuel price given that it may be viewed as 
notoriously subject to significant short run variation.  
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Conservatively frequent O&M events were considered an appropriate assumption 
within the context of a holistic design approach. It was viewed that regular 
maintenance would be necessary to maintain the reliable, together with efficient, and 
thereby long useful lifetime, low emissions, operation of the diesel gensets. This was 
in particular envisaged to be the case given the observed relatively low average load 
ratio of the gensets within the HOMER simulations due to the low load factor of the 
SAPS profile.  
 
In reviewing the HOMER simulation outcomes it was noted that for the given 
periodic SAPS load profile a certain advantage might be added to the diesel genset 
costs. The diesel genset costs were incurred on the basis of accrued operating hours. 
In contrast the RE conversion devices accumulated their associated nominal useful 
lifetime together with O&M costs on an absolute time basis. According to industry 
research, however, in practice the occurrence of maintenance events for diesel 
gensets is often gauged by a combination of operating hours and absolute time. 
 
Opportunity costs that were included to account for the projected personal time 
commitments of the clients, with respect to the diesel genset, involved replenishing 
fuel supplies, assisting with handling heavy parts during top or major overhauls, 
cleaning the shed together with the installed equipment, trimming surrounding 
vegetation and painting the shed once every ten years (refer to section 2.11).   
 
The electrical transmission cable costs for the diesel genet were estimated to be 
relatively low. It was envisaged that this was due to the output from the genset being 
delivered at low voltage as opposed to extra low voltage. The corresponding 240 V 
ac cables were additionally foreseen to be more widely available. 
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3.4.2  Lead Acid Battery Bank 
 
3.4.2.1  Back of the Envelope Calculations 
 
A slight modification was made to the calculations outlined in AS4509 part 2 in 
using them to estimate a range of lead acid battery sizes to simulate in HOMER 
(AS4509.2-2002, sec. 3.4.7). The modification involved taking into account within 
the BOTECs an assumed average efficiency of “90 %” (0.90) for the power 
conditioning equipment (inverter) included between the battery bank and the SAPS 
system load (AS4509.2-2002, sec. 3.4.7.3).  
 
Estimations for prospective battery bank capacities were calculated for two different 
numbers of days of autonomy. A larger number for the days of autonomy was used 
in approximating a suitable battery bank capacity for a “100%” RE fraction SAPS 
(AS4509.2-2002, sec. 3.4.7.8). Although a higher value is recommended for wind in 
comparison to PV systems it was assumed that “5” days of autonomy was a 
sufficient overall maximum. The assumption followed from the observation that, 
while a relatively remote location, the SSD residence was limited to periodic 
occupancy and was within a reasonable distance for return to Cunderdin or Perth if 
desired. To cater for a diesel genset only SAPS, “0% RE fraction”, a second smaller 
“3” days of autonomy was selected for the battery bank sizing BOTECs (AS4509.2-
2002, sec. 3.4.7.9). 
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The maximum seasonal average daily energy usage from the present energy demand 
load profile for the SAPS of “7.52 kWh/day” in summer (refer to section 3.3.3) was 
used in the battery bank BOTECs. A “60%” (0.60) maximum depth of discharge 
(DOD) was assumed for the batteries. The BOTECs were performed for system 
voltages of “24 V dc” and “48 V dc” in accordance with the two different inverter 
sizes to be simulated in HOMER (refer to section 3.3.7). 
 
In selecting battery sizes for simulation in HOMER, the C100 discharge rating was 
projected as a reasonable approximation in view of the SAPS average daily load 
profile (refer to section 3.3.6). With guidance from the outcome of the BOTECs, the 
battery sizes were subsequently chosen to minimise the number of strings while 
maintaining suitable modularity for future load growth and flexibility for HOMER in 
simulating different SAPS solutions. 
 
Given the periodic occupancy and relatively remote location of the SAPS, the nearest 
comparably sized gel cell batteries were included for consideration along with more 
conventional flooded cell options. The gel cell batteries enabled the benefits of the 
prospectively reduced maintenance to be investigated.  
 
Based upon the BOTECs, together with research into available industry standard 
rated capacities, a suitable range of sizes to simulate in HOMER was estimated to be 
 
 Flooded Cell C100 lead acid with 5 days autonomy – 670 Ah, 1330 Ah 
 Flooded Cell C100 lead acid with 3 days autonomy – 830 Ah 
 Gel Cell C100 lead acid with 3 to 5 days autonomy – 700 Ah, 1040 Ah  
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A further important characteristic of the selected battery sizes was the maximum 
charge rate which they permitted to the battery charge controllers within the SAPS 
system. According to AS4509 part 2, the maximum charge rate was typically 
determined by the C10 rating of the batteries, comprising the battery bank (AS4509.2-
2002, sec. 3.4.10). Where the maximum charge rate was unsuitably low, the peak 
output capacity of the energy conversion devices within the SAPS system would not 
be fully utilised. 
 
An estimate of the maximum charge rate was calculated for the battery bank 
configurations that the battery sizes were selected from for simulation in HOMER. 
Assuming prescribed typical values for the battery charge controller of “85%” (0.85) 
efficiency  and “0.8” power factor, corresponding maximum charge rates up to 
approximately “6.5 kVA” were estimated using BOTECs, in accordance with 
AS4509 part 2 (AS4509.2-2002, sec. 3.4.10). 
 
3.4.2.2  Technical Specifications 
 
For the lead acid batteries, there were four main information sources which 
contributed to the technical specifications used in configuring the operating 
parameters and costs within HOMER. The four sources were Conergy 2009, EM 
(2009), Renewablelogic (2009) and Exide Technologies (2010). Within the scope of 
the industry research that was performed, Exide Technologies was considered to 
have the most suitable range of batteries for the given SAPS application. Exide 
Technologies was subsequently the principal source of information for the technical 
specifications. 
 
Master of Science in Renewable Energy Dissertation 
 
Murdoch University 
57 
 
Based upon the technical specifications, it was noted that for DODs below “10%” the 
gel cell batteries had slightly lower cycle lives than the flooded cell batteries. In 
configuring HOMER the maximum charge current for each battery was estimated by 
multiplying the rated maximum DOD (80%), by the maximum charge rate 
(10A/100Ah at C10 rate) and the C10 rating for the battery.  The HOMER default 
value was used for the “lifetime throughput”.  Each different battery type was 
configured as a 24 V dc string within HOMER in order to enable both the 24 V dc 
and 48 V dc prospective system solutions to be simulated within the same file. 
 
3.4.2.3  Costing 
 
The same principal information source as outlined in section 3.4.2.2 was used in 
configuring the costs for the lead acid batteries simulated in HOMER (Exide 
Technologies 2009).  All cost items in section 2.11 were accounted for. The battery 
bank was costed to be housed within a specifically constructed ventilated shed. The 
shed was assumed to have thermal insulation batts fitted within the walls and ceiling. 
For the flooded cell battery options, an automated battery waterer and 20 litre 
distilled water tank were priced into the installation. 
 
Where flooded cell batteries were included in the SAPS, the main O&M cost was 
projected to be the distilled water required to top up the tank for the automated 
battery waterer. Overall, the only major O&M cost that was viewed to be common to 
all of the battery options was the materials that were forecasted as necessary for 
painting the battery bank shed once every 10 years.  
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Opportunity costs, that were included to account for the projected personal time 
commitments of the clients with respect the battery bank, involved replenishing the 
distilled water supplies for flooded cell battery options, cleaning the shed together 
with the installed equipment, trimming surrounding vegetation and painting the shed 
once every ten years (refer to section 2.11).   
 
In estimating the electrical cable costs for the battery bank, the cross section of the 
transmission cable for connection to the inverter was calculated to be the largest 
within the SAPS system. Unlike for the other electrical cables within the SAPS, the 
current carrying capacity, as opposed to voltage drop, appeared to determine the 
minimum practical cross section of the cable. While relatively short in length the 
cable was required to carry the full load demand of the SAPS. 
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3.4.3  Wind Turbine 
 
3.4.3.1  Wind Source Assessment 
 
A prefeasibility analysis of the site wind source, with a view to electricity generation, 
was performed as part of identifying the prospective energy sources available to the 
clients (refer to section 2.5).  For site wind source assessments, indicative annual 
mean wind speeds in the range of 4.3 to 5.1 m/s appear to be typical guiding figures 
in economically justifying a more detailed evaluation (Gasch and Twele, 130; Marsh 
2008, 34; Whale 2010, 3).  An annual mean wind speed of 5.0 m/s may be 
considered as the more frequently suggested and conservative figure.   
 
For the SSD SAPS site, Cunderdin Air Field weather station was identified as the 
closest weather station which had been logging data for a number of years at an 
average hourly resolution (refer to figure 1.1.1). It was within 30 km from the site. 
Preliminary data obtained from the weather station was projected to economically 
justify a more detailed wind source assessment for the SAPS site. The projection was 
based upon historical monthly annual mean wind speeds at “9:00am” and “3:00pm” 
that had been averaged over a number of years and were readily available free of 
charge (BOM 2009b). According to these figures, the annual mean wind speed, as 
measured at the reference anemometer height of 10m, was greater than 5.0 m/s at 
those times of the day (refer to table 3.4.3.1.1). Reference to the “RE Atlas of 
Australia” further concurred that a reasonable wind source might be accessible at the 
SAPS site (DEWHA 2009). 
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Table 3.4.3.1.1  Cunderdin Air Field Annual Mean Wind Speed at the 10 m 
Reference Anemometer Height together with Various Heights Interpolated using a 
Power Law Exponent of 0.14 for the Prefeasibility and Validated Data 
(BOM 2009b) 
 
Twelve years of hourly data from the Cunderdin Air Field weather station was 
subsequently kindly provided free of charge for research purposes by the Western 
Australia BOM.  Although the supplied data had not been validated, it included what 
were considered the principal parameters of interest for the site wind source 
assessment; wind speed, wind direction and ambient temperature. 
 
Two further parameters, identified as available, were requested. The first was the site 
level pressure which enabled the wind power density to be more meaningfully 
calculated (NREL 2010); while the second was the wind speed gust. It was 
considered that the wind speed gust offered an additional measure for validating the 
consistency of the observed wind speed data trends. 
 
A preliminary evaluation was carried out for the 12 years of raw data to ascertain the 
general completeness and consistency of the trends in the parameters. Overall, the 
data contained a high level of completeness, at 92% or more for all parameters. For a 
majority of years, the completeness for all parameters was in excess of 97%. 
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From the 12 years, two separate years of data were selected for validation; 2004 
(year “8”) and 2006 (year “10”) (refer to figures A5.1 to A5.3 in appendix 3.0). One 
factor that contributed to selection of these two years was their comparatively high 
level of data completeness, “98.9%” for year “8” and “99.7%” for year “10”. The 
principal reason for their selection was the observation that on average they 
conservatively, with respect to the available wind source, relatively closely followed 
the mean trend for all 12 years combined (see figures A5.1 and A5.2). 
 
Following constructing suitable validation criteria, all data for each of the two 
selected years was validated (DHV1999; NREL 2010; STI 2003). For the purposes 
of validation each year was divided into monthly groups of data. The monthly 
datasets were found to be more conveniently manageable. They enabled a template 
Microsoft Excel Workbook to be established. Commensurate analysis and reporting 
was accordingly able to be readily performed on a monthly basis for the validated 
datasets (NREL 2010). Outcomes from the monthly datasets were combined to 
produce the corresponding annual trends for the validated data. 
 
According to the validated data, the projected wind source at Cunderdin Air Field 
was notably weaker than that suggested by the prefeasibility analysis. It appeared 
that while the “9:00am” data followed the general seasonal trend for the validated 
data reasonably closely, it overestimated the mean wind speed for the most part. 
Other than in the midsummer months, the “3:00pm” data was observed to 
considerably overestimate the mean wind speed throughout the year (refer to figure 
A5.4 in appendix 5.0). Following from the mean annual wind speeds interpolated at 
heights of 20 to 30 m for the validated data, however, the wind source was 
considered to justify simulation in HOMER (refer to table 3.4.3.1.1). 
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Overall, the trends observed with respect to the wind speed distribution and 
prevailing wind directions for the two validated years of data were viewed to be in 
reasonable agreement (refer to figure A5.5 along with A5.6 in appendix 5.0). While 
the wind source was considered to justify simulation in HOMER as a prospectively 
optimal solution for the SSD SAPS, it was acknowledged that the data in use was 
specific to the reference weather station at Cunderdin Air Field. 
 
Wind sources may be considered as notoriously highly site specific. With reference 
to figures 3.2.3 and 3.2.4, together with figure A5.6 in appendix 5.0, it was envisaged 
that the gradual east to west incline in the terrain at the SAPS site might potentially 
favourably influence the easterly prevailing wind while reducing the westerly 
prevailing wind (Gasch and Twele, 117). As outlined in section 3.2 the revegetation 
was a further factor for consideration. 
 
There was no monitored wind source data for the SSD SAPS site with which to 
perform a correlation with the reference weather station at Cunderdin Air Field. The 
available research time and resources were insufficient for a WAsP analysis, as an 
alternative to data correlation (WAsP 2010). It was subsequently appreciated that it 
would be required to recommend that the clients monitor the actual proposed turbine 
site for a minimum of one year before implementing SAPS solutions that featured 
the wind source. 
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Figures 3.4.3.1.1 along with A5.7, convey the annual seasonal trends projected for 
both the wind and the solar source at the SSD SAPS site on the CWB of Western 
Australia. Where a combined energy source with an even magnitude throughout all 
seasons was sought, it might be foreseen that the wind and solar source may not 
serve to complement one another. For the given SSD SAPS, however, the individual 
seasonal trends and thereby combined energy output from the wind and solar source 
were considered reasonably well matched to the slightly lower winter, compared 
with summer present load profile. They were also viewed as particularly well 
matched to the relatively higher future summer load. 
 
On a diurnal basis, it was observed that for a majority of months, the reference wind 
source for the SAPS site had a pattern that was very similar to that which might be 
expected for the solar source. The wind source typically appeared to be most active 
during the daylight hours, while peaking towards the middle of the day. 
 
Figure 3.4.3.1.2 provides an example of the outlined prevalent diurnal wind source 
characteristic together with a pronounced example of the exception. The exception 
was generally observed to occur during the middle of the summer season over the 
months of December, January and February. During these months the wind source 
appeared to remain considerably more constant throughout the day with an 
occasional slight dip from near midnight through to the early morning. On an overall 
annual basis it was envisaged that a more detailed analysis of the meteorological data 
may show that, at a day to day resolution, the wind might be expected to be more 
pronounced when the solar source was reduced by accompanying cloudy conditions. 
Through such mechanisms the two energy sources may thereby contribute diurnal 
complementarity. 
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The 2006 (year “10”) validated hourly data for the wind speed and air temperature 
from the reference weather station at Cunderdin Air Field was used in configuring 
HOMER. It was considered that the 2006 data provided a more appropriately 
conservative estimate for the prospective wind speed at the SSD SAPS site than the 
validated 2004 data. 
 
In configuring HOMER it was essential to have a complete year of hour by hour 
data. Missing data values within the validated data files had therefore been 
interpolated by calculating the average of the values for the hour before and after the 
missing hours. A sensitivity analysis was performed on the magnitude of the wind 
speed within the HOMER simulations. The hourly temperature data was taken into 
account by HOMER in simulating the performance of the PV array. 
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Figure 3.4.3.1.1  Cunderdin Air Field: Mean Wind Speed, WS – average for all 12 
years BOM raw data; NASA Monthly Average Daily Solar Data - Average Daily 
Solar Irradiation on a Horizontal Surface, 31
o
 (latitude) Collector Slope and 46
o
 
Collector Slope together with Clearness Index  (BOM 2009a; NASA 2009a) 
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Figure 3.4.3.1.2  Diurnal Variation in the Average Hourly Wind Speed and 
Average Hourly Wind Power Density – Cunderdin Air Field Validated Data 2006 
(year 10):  TOP – January; BOTTOM – July  (BOM 2009a) 
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3.4.3.2  Back of the Envelope Calculations 
 
There were no specific equations given in AS4509 part 2 that might assist in 
estimating a range of wind turbine sizes to simulate in HOMER (AS4509.2-2002, 
sec. 3.4.4). The equation for the capacity factor for a wind turbine was therefore used 
as the basis for the BOTECs in projecting a corresponding suitable range of rated 
turbine capacities to simulate (Pryor 2008e). 
 
A number of parameters were applied in adjusting the average daily load for the 
SAPS to the corresponding energy output required to be delivered by the wind 
turbine. The parameters constituted approximations for what were assumed to be 
equivalents to the design derating factors, system energy efficiencies and oversupply 
coefficient outlined in AS4509 part 2 primarily for the sizing calculations for the PV 
array (AS4509.2-2002, sec. 3.4.2.2, 3.4.3).  
 
For the purposes of the BOTECs a derating factor of “0.95” was applied to 
compensate for assumed manufacturing tolerances on the wind turbine rated output. 
The system energy efficiencies that were accounted for included estimations of 
“0.95” for the transmission cabling from the wind turbine to the battery bank, “0.97” 
for the battery charge controller and “0.75” for the battery charge-discharge round 
trip. A system energy efficiency of “0.90” was approximated for the power 
conditioning equipment (inverter) between the battery bank and the SAPS load. With 
a view to attaining an upper limit for a suitable wind turbine rated capacity to 
simulate in HOMER the highest typical value of “4” was selected for the oversupply 
coefficient from the range suggested in AS4509 part 2 (AS4509.2-2002, table 1).           
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Based upon the wind source assessment for the SAPS site, an estimate was made of 
the worst and best months with respect to the corresponding average daily energy 
usage to be met (AS4509.2-2002, sec. 3.4.2.6). A hub height of 18 metres was 
approximated for the wind source, using a Power Law exponent of “0.14”. The worst 
month was projected to be June and the best January. With reference to literature, the 
following scale was assumed for the capacity factors (CFs) at potential commercial 
scale turbine sites (AWEA 2009; DWIA 2009; Encraft 2009, 1; Pryor 2008b, 5): 
 
 CF = 10% = Marginal Site 
 CF = 20% = Average Site 
 CF = 30% = Good Site 
 CF = 40% = Excellent Site 
 
For domestic installations of small scale wind turbines it was conveyed that 
expectations for CFs might typically be notably lower (Encraft 2009). CFs of “2.5%” 
for the worst month, “20%” for the best month and “10%” as an annual average were 
subsequently approximated, based upon what were viewed as comparable small wind 
turbine sites in Encraft (2009). These CFs, together with the average daily energy 
usages for the corresponding months, were used in BOTECs to estimate a suitable 
range of turbine sizes to simulate in HOMER. Overall the BOTECs appeared to 
markedly overestimate the necessary capacities for the turbines. Together with 
industry research, however, what was considered an appropriate range was selected: 
 
 Soma Power Pty Ltd - 1.0 kW (19.5m hub height) 
 Proven Energy -  2.5 kW (24m hub height) and 6.0 kW (30m hub height) 
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3.4.3.3  Technical Specifications 
 
A comparatively large number of information sources were required to contribute to 
the technical specifications used in configuring the operating parameters and costs 
for the wind turbines simulated within HOMER. This was perhaps due to the 
commercially relatively immature state of the small wind turbine industry. The main 
information sources were Conergy (2009), EM (2009), Proven Energy (2010), 
Renewablelogic (2009), RISE (2010) and Soma Power Pty Ltd (2010). 
 
Overall, the manufacturers were the principal sources of technical information for the 
wind turbine head units. Soma Power Pty Ltd was also the primary source for the 
balance of system, tower and installation of the Soma 1.0 kW turbine. For the Proven 
Energy turbines the foremost information sources for items other than the turbine 
head units were Renewablelogic and Conergy.  
 
Power curves were sourced from the manufacturers of the wind turbines and 
reconstructed within HOMER. In accordance with specifications from the 
manufacturer, a 20 year useful lifetime was configured for the 1.0 kW turbine. 
Although the specified useful lifetime for the Proven Energy turbine head units was 
25 years, a 10 year lifetime was configured in HOMER. This was to account for the 
recommended replacement lifetime of the blades and battery charge controller. 
 
The initial capital costs of the Proven turbine head units were excluded from the 
replacement costs. By default, the lifetime for the initial capital costs of the turbine 
head units was thereby equal to the project lifetime configured for the life cycle 
costing analysis in HOMER; 20 years (refer to section 2.11).  A power law exponent 
of 0.14 was configured in HOMER for the variation with height of the wind source.  
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HOMER permitted only two different types of wind turbine to be included in each 
simulation (refer to appendix A10). The simulations were, however, able to be 
configured to consider the use of more than one of a given turbine type. 
 
In addition to the commercially relatively immature state of the small wind turbine 
industry, comprehensive standards along with correspondingly certified products and 
services did not appear to exist. It was consequently considered important that the 
wind turbines selected for simulation in HOMER had established records of reliable 
performance, together with well supported local service infrastructures. The rated 
outputs of the selected wind turbines were further checked for compatibility with the 
maximum charge rates estimated for the prospective battery bank capacities (refer to 
section 3.4.2.1). 
 
3.4.3.4  Costing 
 
Aside from Proven Energy and RISE, the same main information sources as outlined 
in section 3.4.3.3 were used in configuring the costs for the small wind turbines 
simulated in HOMER. All cost items in section 2.11 were accounted for. For costing 
purposes all of the turbine installations were assumed to be installed on tilt towers.  
Installation of the larger sized Proven Turbines was subsequently costed to include a 
tractor to raise them on their correspondingly taller towers. It was, in contrast, 
assumed that a suitably sized conventional vehicle was sufficient for raising the 
smaller sized 1.0 kW turbine on its shorter 19.5 m tower. The same assumptions 
were applied in configuring the O&M costs involved in lowering and raising the 
respective turbines for periodic maintenance.  
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With a view to reducing electrical transmission losses to more practical limits, a 110 
or 120 V dc option was selected for each turbine as available. It followed that a 
commensurate power conversion device was required to be costed to step down the 
voltage at the battery bank.   
 
The Solar Credits and RECs eligibility was calculated for the turbines and deducted 
from their initial capital cost. In practice, unlike the PV array, the wind turbines were 
not eligible for a one off payment equivalent to 15 years worth of Solar Credits and 
RECs eligibility (ORER 2010). For the purposes of the HOMER simulations, 
however, it was assumed that both the wind turbines and the PV array received the 
one off up front 15 year equivalent payment. As outlined in section 2.11, a sensitivity 
analysis was included in the HOMER simulations which enabled the otherwise 
erroneous duplication of the Solar Credits discount to be removed in evaluating the 
cost of energy for hybrid systems including both a wind turbine and PV array. 
 
Replacement costs for the 1.0 kW turbine were comprised of the turbine head along 
with its balance of system electrical components and voltage step down power 
conversion device. For the Proven Energy turbines, as outlined in section 3.4.3.3, the 
replacement costs were limited to replacement of the blades and battery charge 
controller. Due to subsequently configuring a project analysis lifetime of 20, as 
opposed to 25 years, the replacement costs for the 1.0 kW turbine were not incurred 
within the HOMER simulations for the SAPS (refer to section 2.11). The lifetime for 
the PROVEN turbines was additionally, in effect, approximated to be 20 years.  
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Commensurate with recommendations from the manufacturers, O&M costs were 
primarily based around lowering the wind turbine head for maintenance once every 
year. Maintenance of the wind turbine involved lubricating bearings, along with 
other moving parts, cleaning the rotor’s aerodynamic surfaces and, where necessary, 
replacing the leading edge tape. The annual maintenance event also required cleaning 
the air filters on balance of system electrical equipment, where applicable, and 
trimming surrounding vegetation that may contribute excessive localised shading. 
 
Opportunity costs, that were included to account for the projected personal time 
commitments of the clients with respect to the wind turbine, corresponded to all 
those activities outlined for the annual lowering of the wind turbine head for 
maintenance (refer to section 2.11). It was assumed that the manufacturer warranty 
on the wind turbine permitted all O&M activities to be performed by the clients.   
 
The cost for the electrical cables between the prospective wind turbine site and 
battery bank were based upon an estimated transmission distance of 500 metres 
(Google Earth 2009). Following from its comparatively remote location, the wind 
turbine accrued the largest transmission cable costs within the HOMER simulations. 
For the 1.0 kW wind turbine, the cost per cable was $5000, in comparison to $500 
for a 1.5 kWp PV array installation at the proposed array location. As was the case 
for the PV array, a further cost was added for a trench digger for the installation of 
the wind turbine transmission cables. 
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3.4.4  Photovoltaic Array 
 
3.4.4.1  Solar Source Assessment 
 
Overall the solar source assessment was notably less time intensive than the wind 
source assessment. This was due to the solar source at a site typically being markedly 
less site specific than the wind source. 
 
Suitable solar irradiation data for the SSD SAPS on the CWB of Western Australia 
was accessible from a variety of potential information sources. Annual monthly 
average daily solar irradiation data, obtained from NASA, was selected for 
configuring the HOMER simulations for the SAPS. The NASA data was readily 
accessible free of charge and was considered sufficient for the purposes of the SAPS 
feasibility study (NASA 2009a). 
 
HOMER was configured using solar irradiation data for a horizontal surface at the 
surface of the earth. For regions at latitudes within 60 degrees of the equator an 
estimated root mean square error of approximately “7.79 %” with a bias of “-1.83%” 
was provided by NASA for the horizontal irradiation (“insolation”) data (NASA 
2009b, table 1).  
 
The data provided by NASA was at a grid resolution of 1
o
 latitude by 1
o
 longitude. 
At the latitude and longitude coordinates of the proposed SSD SAPS this equated to 
an area with a latitude width of approximately 95 km and longitude length of around 
111 km (Byers 2010).  
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HOMER featured an algorithm which converted the annual monthly average daily 
data from NASA into an approximated annual daily average hourly solar irradiation 
profile. With a view to simulating what might be expected in reality, the annual daily 
average hourly solar irradiation profile constructed by HOMER included random 
variability between consecutive days, refer to figure 3.4.4.1.1. 
 
 
Figure 3.4.4.1.1  Example of the Annual Daily Average Hourly Solar Irradiation 
Profile Constructed by HOMER from the NASA Annual Average Monthly Daily 
Irradiation Data for a Horizontal Surface; shown for the days from 1st to 7th of 
January  (Homer Energy 2009) 
 
Average daily solar irradiation values of more than 4.5 to 5 kWh/m
2
/day can be 
considered one factor in indicating a prospectively good solar source. An annual 
average in the range of 5.0 to 6.0 kWh/m
2
/day or better indicates a potentially ideal 
or excellent source (Pryor 2008d). According to the NASA data, the monthly average 
daily solar irradiation on a horizontal surface at the SSD SAPS site was observed to 
feature significant seasonal variation (see figure 3.4.3.1.1). For a 46
o
 collector slope 
facing the equator, the corresponding NASA data, however, showed a minimum 
monthly average daily solar irradiation of approximately 4.25 kWh/m
2
/day while 
maintaining an annual average of around 5.27 kWh/m
2
/day. 
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A consistently high monthly average daily clearness index is a further factor in 
indicating a prospectively good solar source. Based upon data obtained from NASA, 
the monthly average daily clearness index at the SSD SAPS site ranged between 0.54 
and 0.64 while the annual average was approximately 0.59 (refer to figure 3.4.3.1.1). 
These clearness indices suggest a reasonably high percentage of clear sky days, even 
during the worst months, which appeared to occur over the middle of winter.  
 
As outlined in section 3.4.3.1, the seasonal trend in the solar source was projected to 
be relatively well matched to the present and future load profiles for the SSD SAPS. 
A further factor conveyed in section 3.4.3.1 was the perceived potentially favourable 
complementarity between the solar and wind source at the site. With reference to 
figure A5.3 in appendix 5.0, it was envisaged that the notably cooler mean air 
temperatures might also be expected to introduce a benefit with respect to the solar 
source through appreciably enhancing the efficiency of the PV collectors in meeting 
the winter SAPS load. Within the context of the given application, it was considered 
that overall a comparatively good solar source was accessible at the SAPS site. The 
quality of the solar source was viewed to readily justify simulation in HOMER. 
 
Configuring HOMER with the NASA solar irradiation data involved the assumption 
that unobstructed access was maintained to the available solar source throughout the 
year. A Solar Pathfinder, courtesy of RISE, was used to confirm a commensurate 
location for a prospective PV array existed at the SAPS site (RISE 2010). O&M 
costs that accounted for the activities necessary to maintain the unobstructed solar 
source were additionally configured within the HOMER simulations (refer to section 
3.4.4.4). 
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3.4.4.2  Back of the Envelope Calculations 
 
For the PV array the sizing calculations outlined in AS4509 part 2 were used as the 
basis for estimating a range of rated peak watt (Wp) capacities to simulate in 
HOMER (AS4509.2-2002, sec. 3.4.3). What was interpreted as the kWh (energy as 
opposed to current) based sizing method, was adopted, which assumed that a 
maximum power point tracker (MPPT) was included in the PV array. In accordance 
with the perceived benefits, outlined in section 3.4.4.1, the array tilt angle (slope) 
was taken to be 46
o
 in performing the BOTECs. 
 
Based upon the 46
o
 tilt NASA solar irradiation data obtained for the SAPS site, an 
estimate was made of the worst and best months with respect to the corresponding 
average daily energy usage to be met (AS4509.2-2002, sec. 3.4.2.6).  The worst 
month was projected to be June and the best, October. 
 
A number of parameters were applied in adjusting the average daily load for the 
SAPS to the corresponding energy capacity required to be delivered by the PV array. 
The parameters constituted approximations for the design derating factors, system 
energy efficiencies and oversupply coefficient for the PV array (AS4509.2-2002, sec. 
3.4.2.2, 3.4.3).  
 
For the purposes of the BOTECs, a derating factor of “0.95” was applied to 
compensate for assumed manufacturing tolerances on the rated output of the PV 
modules comprising the array. A further derating factor of “0.95” was included to 
compensate for dirt and soiling on the collector surfaces. It was additionally 
necessary to calculate a derating factor to account for the ambient air temperature. 
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Separate temperature derating factors were calculated for the worst and the best 
month for the SAPS; “0.95” for June and “0.91” for October. The calculations were 
based upon the corresponding mean average daily air temperatures for these two 
months according to the 2006 (year “10”) validated hourly data from the reference 
weather station at Cunderdin Air Field (refer to section 3.4.3.2); 10.0 
o
C for June and 
17.7 
o
C for October. 
 
The system energy efficiencies that were accounted for included estimations of 
“0.95” for the transmission cabling from the PV array to the battery bank, “0.95” for 
the battery charge controller with integrated MPPT and “0.75” for the battery charge-
discharge round trip. A system energy efficiency of “0.90” was approximated for the 
power conditioning equipment (inverter) between the battery bank and the SAPS 
load. With a view to attaining an upper limit for a suitable PV array rated Wp 
capacity to simulate in HOMER the highest typical value of “2” was selected for the 
oversupply coefficient from the range suggested in AS4509 part 2 (AS4509.2-2002, 
table 1). A single PV module was in effect assumed in order to calculate the overall 
required Wp capacity of the array (AS4509.2-2002, equation 3.4.3.10(2)). 
 
Based upon the outcome from the BOTECs for the worst and best month, together 
with industry research into what were considered comparable capacity PV SAPS 
systems, a suitable range of sizes to simulate in HOMER was estimated to be 
 
1.0, 1.4, 1.6, 1.8, 2.0, 2.2, 2.6, 3.0, 4.0 and 5.0 kWp 
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3.4.4.3  Technical Specifications 
 
The PV industry was observed to be a relatively diverse and competitive industry. It 
followed that a number of information sources contributed to the technical 
specifications used in configuring the operating parameters and costs for the PV 
array simulated within HOMER. A variety of what appeared to be comparatively 
well established sources were consulted. It was thereby considered that a 
configuration was achieved within HOMER which was in reasonable concurrence 
with commensurately typical technical specifications for a generic PV array for the 
SAPS. The main information sources included Conergy (2009), EFP (2010), EM 
(2009), Renewablelogic (2009) and RISE (2010). 
 
Based upon industry research, it appeared that a reasonable assumption for the useful 
lifetime of a PV array was between 20 to 25 years. A manufacturer’s guarantee on 
performance up to 25 years was observed as not unusual. Within the HOMER 
simulations, a lifetime of “12.5 years” was configured for the PV array. This was to 
account for the recommended replacement lifetime of the battery charge controller. 
 
A derating factor of “81.5%” (0.815) was configured for the PV array in HOMER. 
The derating factor was calculated as the product of what were considered to be the 
applicable estimated parameters from section 3.4.4.3: the derating factor of “0.95” 
for assumed manufacturing tolerances on the rated output of the PV modules; a 
derating factor of “0.95” for dirt together with soiling on the collector surfaces; a 
system energy efficiency of “0.95” for the transmission cabling from the PV array to 
the battery bank; and a system energy efficiency of “0.95” for the battery charge 
controller with integrated MPPT. These parameters were not accounted for 
elsewhere within the HOMER configuration for the PV array.  
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The PV array simulated in HOMER was a fixed array with no tracking. An azimuth 
of 180
o
 was configured in HOMER, commensurate with a north facing PV array 
situated in the southern hemisphere. Consistent with literature and the perceived 
benefits outlined in section 3.4.4.1, a slope of 46
o
 was configured for the PV array 
(AS4509.2-2002, table 2; Markvart 2007, 18-19). A sensitivity analysis was 
performed in HOMER on the slope for the PV array with a view to validating the 
projected performance benefits. 
 
As outlined in section 3.4.3.1, the 2006 (year “10”) validated hourly data for the 
mean air temperature from the reference weather station at Cunderdin Air Field was 
used in configuring HOMER.  By selecting “consider effect of temperature”, the 
hourly air temperature data was taken into account by HOMER in simulating the 
energy conversion efficiency of the PV array. In accordance with literature and 
industry research, the default HOMER settings were assumed appropriate for the 
remainder of parameters involved in configuring the PV array; temperature 
coefficient of power “-0.5%/oC”, nominal operating cell temperature “47 oC”, 
efficiency at standard test conditions “13 %” and ground reflectance “20%”. 
 
For the purposes of calculating the energy output, HOMER assumed an MPPT was 
integrated in the PV array. The rated outputs of the selected array sizes to consider in 
HOMER were checked for compatibility with the maximum charge rates estimated 
for the prospective battery bank capacities (refer to section 3.4.2.1). 
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3.4.4.4  Costing 
 
Other than RISE, the same main information sources as outlined in section 3.4.4.3 
were used in configuring the costs for the PV array simulated in HOMER. All cost 
items in section 2.11 were accounted for. The PV array was projected to be situated 
at a comparatively remote location relative to what were proposed to be shaded sites 
for the SDPR and battery bank (refer to figure 3.2.4). It followed that the PV array 
was costed to be installed on a dedicated ground mounted structure with a fixed 
collector slope of 46
o
. 
 
The Solar Credits and RECs eligibility were calculated for the PV array and 
deducted from the initial capital cost. As outlined in section 3.4.3.4, it was assumed 
that the PV array received a one off upfront payment equivalent to 15 years worth of 
Solar Credits and RECs eligibility. A sensitivity analysis was included in the 
HOMER simulations, which enabled the otherwise erroneous duplication of the 
Solar Credits discount to be removed in evaluating the cost of energy for hybrid 
systems incorporating both a PV array and wind turbine (refer to section 2.11). 
 
Replacement costs for the PV array involved replacement of the battery charge 
controller together with its integrated MPPT. Costing the battery charge controller to 
include an MPPT was consistent with the simulated and sought technical 
performance characteristics for the PV array within the SAPS. As outlined in section 
3.4.4.3, a typical replacement lifetime of around “12.5 years” was recommended for 
the battery charge controller. Due to subsequently configuring a project analysis 
lifetime of 20, as opposed to 25 years, the useful lifetime for the PV array was in 
effect approximated to be 20 years within the HOMER simulations. 
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Based upon industry and literature research, O&M costs for the PV array were 
projected to be comparatively minimal (Chessell 2008). For the SSD SAPS the 
commensurate O&M requirements for the PV array were costed to comprise of an 
annual event which involved cleaning the module collector surfaces, cleaning the air 
filters on balance of system electrical equipment where applicable and trimming 
surrounding vegetation that may contribute excessive shading. All O&M activities 
were conveyed as able to be performed by the clients without voiding the 
manufacturer warranty on the PV array. 
 
Opportunity costs, that were included to account for the projected personal time 
commitments of the clients with respect to the PV array, corresponded to all those 
activities outlined for the annual maintenance event (refer to section 2.11). 
 
In order to markedly reduce electrical transmission losses within more practical 
limits it was calculated that a 48 V dc SAPS system voltage was preferable with 
respect to the relatively remote location of the PV array. It was envisaged that a 
commensurate power conversion device might provide an alternative in view of 
minimising the transmission costs. A PV array voltage of 48 V dc or more may 
thereby be configured and stepped down at the battery bank. The electrical 
transmission cables from the PV array to the battery bank were accordingly costed 
assuming a 48 V dc transmission voltage. 
 
For the purpose of costing the electrical cables between the prospective PV array site 
and battery bank the transmission distance was estimated to be 50 metres (Google 
Earth 2009). As was the case for the wind turbine, a further cost was added for a 
trench digger for the installation of the PV array transmission cables.  
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3.5  SYSTEM CONFIGURATION 
 
With guidance from AS4509 part 2, a parallel configuration was selected as the 
generic system configuration for modelling in HOMER. The parallel configuration 
was projected to enable the greatest potential for feasibly maximising the RE fraction 
of the energy system solution. It permitted all energy sources to meet the load 
directly and charge the battery bank as appropriate (refer to figure 3.5.1). The need 
for a diesel genset was thereby able to be minimised or potentially eliminated, which 
was consistent with the expectations of the clients (see section 3.2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.5.1  Block Diagram Showing the Generic Parallel Configuration SAPS 
System Modelled for simulation in HOMER 
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3.6  BASE CASES 
 
The following subsections convey specific technical and financial outcomes which 
were used in characterising the base cases included within the holistic design 
approach (refer to section 2.6). These outcomes were taken into account within the 
context of the BPA in inductively reasoning the HWs for the base cases.  
 
3.6.1  Grid Connection 
 
As outlined in section 2.6, the grid connection base case was financially evaluated 
through two separate means. The principal means was the creation of a Microsoft 
Excel worksheet to perform what was viewed as the more commensurately 
comprehensive life cycle costing analysis for the grid connection option. What was 
considered to be a comparatively rudimentary secondary means, involved 
configuring the grid connection option (“grid extension”) provided within HOMER 
for simulation, together with the prospective SAPS solutions (Homer Energy 2009). 
 
3.6.1.1  Worksheet Calculations 
 
Table 3.6.1.1.1 lists the levelised net present costs per unit of electricity usage that 
were calculated using the grid connection life cycle costing Excel worksheet. The 
levelised net present cost per unit of electricity usage was calculated for each of the 
unique SAPS client load profiles that were simulated in HOMER. Table A6.1 in 
appendix 6.0 provides a corresponding example of the grid connection life cycle 
costing Excel worksheet. In the example, the worksheet is configured for the periodic 
occupancy present load profile for the SAPS clients. The equations used within the 
worksheet for the life cycle costing calculations are also included in appendix 6.0. 
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Table 3.6.1.1.1  Grid Connection - Levelised Net Present Cost per Unit of 
Electricity Usage as Calculated by the Grid Connection Life Cycle Costing 
Worksheet for the Various Load Profiles constructed for the Clients 
 
 
In the Excel worksheet life cycle costing calculations the “Discount Rate, r” equated 
to the “nominal interest rate, i’ ” in HOMER while the “Inflation Rate, a” 
corresponded to the “annual inflation rate, f  ” in HOMER. Within HOMER the 
“nominal interest rate” and “annual inflation rate” are used to calculate the “annual 
real interest rate, i ” which is configured in the economic inputs. 
 
For the purposes of the feasibility study, values of “7.5%” for the “Discount Rate, r”, 
and “3.1%” for the “Inflation Rate, a”, were forecasted to be appropriate for the SSD 
SAPS investment options (ARB 2010). With reference to table 3.6.1.1.1, as might be 
expected, the greater the average daily usage of energy the lower was the calculated 
levelised net present cost per unit of electricity usage within the assumed 20 year 
investment lifetime.  
 
3.6.1.2  HOMER Break Even Connection Distance 
 
As discussed in section 2.6, the grid connection option in HOMER was considered 
relatively limited in respect to the precision with which the other energy source 
options were able to be simulated. A fixed capital cost was in particular typically 
configurable for the other energy sources (refer to figure 3.6.1.2.1).  
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Given the absence 
of the fixed capital 
cost, the grid 
connection 
simulation in 
HOMER was 
viewed to, at best, 
provide a highly 
optimistic 
breakeven grid extension distance. It was subsequently not used to assign a relative 
ranking to the grid connection option, within the HOMER simulation outcomes 
(refer to “NA” in table 3.7.2.1). The estimates for the costs involved in grid 
connection had regardless been specified by the network provider as absolute 
minima (Western Power 2010c). In contrast the prospective SAPS energy sources, 
simulated in HOMER, were all considered to have been consistently highly costed. 
 
  
 
Figure 3.6.1.2.1  HOMER Grid Connection (“Grid 
Extension”) Option Configuration Dialogue Box  
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3.6.2  Diesel-Battery-Inverter SAPS 
 
The base case Diesel-Battery-Inverter SAPS system was configured for simulation in 
HOMER along with the less conventional prospective SAPS solutions. It was merely 
one among the many possible variant combinations of the generic energy sources 
that were configured for HOMER to consider as outlined in section 3.4.  The Diesel-
Battery-Inverter SAPS system was thereby assigned a relative ranking within the 
HOMER simulation outcomes, see table 3.7.2.1. As with the other prospective SAPS 
solutions, the HOMER ranking was taken into account within the context of the BPA 
in inductively reasoning the HWs for the Diesel-Battery-Inverter SAPS base case. 
 
No forced periodic operating schedules were applied to the Diesel-Battery-Inverter 
SAPS system within the HOMER simulations (refer to section 2.6). Unlike the RE 
conversion devices, the output from the diesel genset was able to meet the SAPS 
load directly without needing to pass through the inverter. Although not able to be 
simulated in HOMER, it was foreseen that in practice, when the diesel genset was 
operating, the battery bank might provide a buffer in meeting the peak and surge 
loads of the SAPS system. It was foreseen that this might enable a more efficient 
Diesel-Battery-Inverter SAPS system through the use of a smaller diesel genset. 
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3.7  HOLISTIC RANKING 
 
The following subsections outline the outcomes for the process of inductively 
reasoning the HWs and the corresponding calculation of the relative holistic rankings 
for the prospective energy system solutions. 
  
3.7.1  Inductive Reasoning of the Holistic Weights 
 
Tables 3.7.1.1 and 3.7.1.2 together with figures 3.7.1.1 to 3.7.1.8 show the outcomes 
for the inductively reasoned HWs, along with the corresponding calculated 
parameters used in holistically ranking the prospective energy system solutions. 
HWs were first inductively reasoned for prospective energy system solutions that in 
effect featured a single energy source, together with a battery bank for energy storage 
where applicable (refer to table 3.7.1.1 along with figures 3.7.1.1 to 3.7.1.4). The 
outcomes from these analyses were found useful in subsequently inductively 
reasoning the HWs for the prospective hybrid SAPS systems which incorporated 
various combinations of the single energy sources (see table 3.7.1.2 together figures 
3.7.1.5 to 3.7.1.8). 
 
A lead acid battery bank was included in all the prospective SAPS systems for which 
relative holistic rankings were calculated. For reference purposes HWs were 
inductively reasoned for the battery bank in the context of a single energy source and 
the corresponding holistic ranking parameters were calculated (refer to table 3.7.1.1 
and figure A7.1 in appendix A7.0). These outcomes were taken into account in 
inductively reasoning the HWs for each prospective SAPS solution. An overall 
relative holistic ranking was not calculated for the lead acid battery bank.  
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Section 3.7.1.1 provides detail with respect to the BPA which was performed in 
inductively reasoning the HWs for the prospective energy system solutions. In 
section 3.7.1.2, the process involved in inductively reasoning a relative ranking 
among the prospective energy system solutions according to their comparative 
performance within the HOMER simulations, is expanded upon.  
 
As conveyed in sections 2.12.2 and 2.12.3.2, the BPA formed the principal basis by 
which the HWs were inductively reasoned for prospective energy system solutions. 
Prior to inductively reasoning the HWs, however, a relative ranking was assigned 
among the prospective energy system solutions according to their comparative 
performance within the HOMER simulations. Together with the financial costs the 
ranking took into consideration, with guidance from AS4509 part 2, the practicalities 
of all the technical performance parameters reported by HOMER (refer to section 
2.8).  The HOMER ranking was subsequently taken into account within the context 
of the BPA in inductively reasoning the HWs. 
 
Observations that were revealed through the process of assigning the HOMER 
rankings were found to be of value, in addition to the relative rankings themselves, in 
meaningfully inductively reasoning HWs. The HOMER rankings were primarily 
experienced as relevant in inductively reasoning the economic and technical HWs for 
prospective energy system solutions.  
  
Master of Science in Renewable Energy Dissertation 
 
Murdoch University 
89 
 
 
 
 
 
 
 
  
Table 3.7.1.1  Holistic Analysis Parameters - Single Energy Sources; 
Rankings include comparison with "Hybrid Energy Sources" table 
Table 3.7.1.2  Holistic Analysis Parameters - Hybrid Energy Sources; 
Rankings include comparison with "Single Energy Sources" table 
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Figure 3.7.1.1  Diesel-Battery-
Inverter Holisticity Curve 
Figure 3.7.1.3  PV-Battery-Inverter 
Holisticity Curve 
 
 
   
 
 
   
 
 
  
Figure 3.7.1.2  Wind-Battery-
Inverter Holisticity Curve 
Solutions; for Present and Future 
Periodic Load Profile 
Figure 3.7.1.4  Grid Connection 
Holisticity Curve 
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Figure 3.7.1.7  Wind-Diesel-
Battery-Inverter Holisticity Curve 
Figure 3.7.1.5  PV-Wind-Battery-
Inverter Holisticity Curve 
 
 
    
 
 
   
 
 
 
 
 
Figure 3.7.1.8  PV-Wind-Diesel-
Battery-Inverter Holisticity Curve 
 
Figure 3.7.1.6  PV-Diesel-Battery-
Inverter Holisticity Curve 
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3.7.1.1  Bullet Points Analysis (BPA) 
 
What may be viewed as an extensive BPA was performed and recorded for the 
prospective energy system solutions. Within the available research time and 
resources the single energy sources listed in table 3.7.1.1 were the focus of the 
formally recorded BPA; diesel genset, lead acid battery bank, wind turbine, PV and 
grid connection. At the given point in time in evolution of the holistic design tool, 
cradle to grave and cradle to cradle considerations were largely excluded from the 
scope of the BPA. 
 
Due to the length of the formally recorded BPA, it was included as a computer file 
on the disk in appendix A11.0. The computer file was compiled as a Microsoft Word 
document. A table of contents was constructed at the start of the document using 
hyperlinks. The hyperlinks enabled quick navigation between the HFs for the 
different energy sources. A list of the referenced literature was provided at the 
beginning of the BPA for each energy source. 
 
Appendix 8.0 includes the BPA for the economic and environmental HFs for PV. 
The BPA for the two HFs was taken directly from the BPA computer file on the disk 
in appendix A11.0. Consistent with figure 3.7.1.3, it was envisaged that for the 
purposes of demonstration the economic and environmental HFs might 
conventionally be projected to contribute a notable relative imbalance to the 
holisticity of a prospective energy system solution. PV was selected for the 
demonstration due to it achieving the highest relative holistic ranking among the 
prospective energy system solutions (refer to section 3.7.2). 
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For the first formal application of the holistic design tool it was considered 
appropriate that largely generic factors were listed within the BPA. Generic factors 
equated to the typical characteristics that were relevant to prospective energy source 
solutions within the context of the given SSD SAPS application.  
 
The generic factors in the BPA were subsequently experienced to be well suited to 
inductively reasoning HWs. Greater flexibility was viewed to be embodied in the 
generic factors for the purposes of inductively reasoning HWs for different models or 
rated capacities of a given energy source. The generic factors further appeared to 
enable reasonably ready inductive reasoning of the corresponding contribution from 
the energy source to the HWs for the hybrid systems in which it was incorporated. 
 
A notable amount of duplication was observed among the factors listed for the five 
fundamental HFs in the BPA. In accordance with research, noise, for example, might 
often prove to be a social, economic, environmental, technical and political 
challenge. It was envisaged that, with broadening application of the holistic design 
tool, the extent of duplication may be expected to increase. Growth in duplication 
might follow from a rising appreciation of the synergies achieved through 
acknowledging and addressing a particular challenge within as many HFs as 
practical. Such synergies may feature as reducing MHIs within holisticity curves. 
 
Many factors appeared to be duplicated within the technical HF.  It followed that 
technical factors correspondingly often featured as challenges or enabling 
mechanisms among all four of the remaining HFs. 
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3.7.1.2  HOMER Simulations Holistic Weights Contribution 
 
Prior to inductively reasoning HWs a relative ranking was assigned among the 
prospective SAPS solutions according to their comparative performance within the 
HOMER simulations. Together with the financial costs, the ranking took into 
consideration, with guidance from AS4509 part 2, the practicalities of all the 
technical performance parameters reported by HOMER (refer to section 2.8). Based 
upon the financial and technical performance parameters, what was considered to be 
the optimal solution for each unique SAPS system type was selected from the 
HOMER simulation outcomes. These optimal unique SAPS solution types were 
subsequently tabulated, together with what were viewed to have been their principal 
parameters for the purpose of the performance comparisons. 
 
Table 3.7.1.2.1 provides a list of abbreviations that were used in the HOMER 
simulation results tables for the optimal unique SAPS solution types. The results 
tables were produced for both the present and future periodic load profiles for the 
SSD SAPS (refer to tables 3.7.1.2.2 to 3.7.1.2.3 and tables A9.2 to A9.3 in appendix 
A9.0). Within the tables, the HOMER “Ranking” for each optimal unique SAPS 
solution type was calculated based upon its relative cost of energy (“COE”). The 
HOMER ranking for the “Default Simulation” in the tables was subsequently 
primarily taken into account within the context of the BPA in inductively reasoning 
the HWs (see table 3.7.2.1). 
 
In addition to the “Default Simulation” the HOMER rankings for a variety of 
“Sensitivity Analysis” simulations were taken into secondary consideration in 
inductively reasoning the HWs (refer to tables 3.7.1.2.2 to 3.7.1.2.3 and tables A9.2 
to A9.3 in appendix A9.0).  Overall, they contributed negligible variation. 
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As a potential point of interest to future load growth, HOMER simulations were also 
performed assuming the clients permanently, as opposed to periodically, occupied 
the residence at the SAPS site. HOMER simulations were carried out for both 
present and future permanent occupancy load profiles. The permanent occupancy 
load profiles were configured in HOMER using the average daily load profiles in 
section 3.3.6 (refer to section 2.4).  Within the available research time and resources, 
what were considered to be the optimal, unique SAPS solution types were 
subsequently tabulated for the present permanent occupancy load profile (see tables 
A9.4 to A9.5 in appendix A9.0). As might be expected, the COE was lower for the 
permanent occupancy due to the higher annual energy usage. The available research 
time and resources did not enable the permanent occupancy load profiles to be 
accounted for in inductively reasoning the HWs for the prospective SSD SAPS 
solutions. 
 
Overall, within the HOMER simulations, a particularly favourable battery bank SOC 
was observed for the PV-Wind-Battery-Inverter hybrid systems. This was interpreted 
as adding credence to the speculated diurnal complementarity between the wind and 
solar source at the SSD SAPS site (refer to section 3.4.3.1). The sustained optimal 
performance of the 46
0
 collector slope throughout both the present and future 
periodic load profiles suggested that the winter load remained the defining factor for 
the PV array performance. It was therefore projected that a steeper collector slope 
might further enhance the performance of the PV array. 
 
Appendix 10.0 lists and describes the HOMER simulation computer files that were 
used within the feasibility study for the SSD SAPS. The HOMER simulation files 
were included on a disk of computer files in appendix A11.0.   
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Table 3.7.1.2.1  Abbreviations Used in the HOMER 
Simulations Results Tables 
Master of Science in Renewable Energy Dissertation 
 
Murdoch University 
97 
 
 
 
Table 3.7.1.2.2  HOMER Simulation Results for the 
Present Periodic Load Profile - First Half of Table 
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Table 3.7.1.2.3  HOMER Simulation Results for the 
Present Periodic Load Profile - Second Half of Table 
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3.7.2  Holistic Ranking Outcome 
 
Table 3.7.2.1 shows the outcome for the calculated relative holistic rankings of the 
prospective energy system solutions according to their inductively reasoned HWs. 
The PV-Battery-Inverter SAPS achieved the highest relative holistic ranking among 
the prospective energy system solutions. Figure 3.7.2.1 shows a schematic diagram 
of the prospectively holistically optimal PV-Battery-Inverter SAPS system. The 
second highest holistically ranked prospective energy system solution was the PV-
Wind-Battery-Inverter SAPS while the third was the PV-Diesel-Battery-Inverter 
SAPS. A fourth place ranking was achieved by the Grid Connection base case. The 
Diesel-Battery-Inverter SAPS base case featured the lowest relative holistic ranking 
out of all of the prospective energy system solutions that were evaluated.  
 
Overall the holistic rankings and HOMER rankings for the prospective SSD SAPS 
solutions were observed to be in reasonable agreement. Prospective SAPS solutions 
which featured 100% RE fractions typically achieved a slightly higher holistic 
ranking than their respective HOMER default simulation ranking. 
 
 
  
Table 3.7.2.1  Overall Holistic Ranking for Prospective Energy System 
Solutions; for Present and Future Periodic Load Profile 
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Figure 3.7.2.1  Block Diagram Showing the Prospective Holistically Optimised 
SAPS Configuration Design Solution for the Present Periodic Client Load Profile; 
PV-Battery-Inverter 
(NOTE: the solution for the future periodic client load profile uses the same 
component types, however, with different rated specifications; see table A9.2 in 
appendix 9.0) 
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4.0  ANALYSIS OF RESULTS 
 
The following subsections evaluate the outcomes established in section 3.0 within 
the context of the explicit research objectives prescribed in section 1.2. 
 
 
4.1  SIMPLE AND SUITABLY QUICK TO APPLY? 
 
A considerable amount of time was involved in completing the first formal 
application of the holistic design approach. As it was the first formal application, an 
appreciable amount of time was committed to exploring and defining the most 
effective approach for obtaining a meaningful outcome from the process. Refining 
the structure included developing an appreciation of what were considered to be the 
corresponding strengths and limitations of the selected tools, such as AS4509 part 2, 
HOMER and the holistic design tool, which fulfilled fundamental roles within the 
process. Establishing the observed strengths together with limitations of the tools 
enabled their functions and roles within the holistic design approach to be optimised. 
 
Section 3.0 was devoted to outlining and demonstrating the implementation of the 
refined holistic design approach that was developed through the research 
methodology described in section 2.0. The strengths and limitations of the 
underlying tools which comprised the process, appeared to complement one another 
reasonably effectively in providing a relatively simple overall path to a prospectively 
optimised holistic SSD SAPS design solution. 
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It may be envisaged that with continued application of the holistic design approach, 
the process might be further simplified and expedited. The core structure may be 
progressively enhanced through refining the roles of the tools and improving the 
automation among the templates. A common library of commensurately researched 
generic bullet points might additionally be compiled, reviewed and expanded upon 
with each consecutive BPA. Feedback to the developers of the third party tools, such 
as AS4509 part 2, and HOMER, may also encourage aligned developments which 
would enhance the productivity of the holistic design approach. 
 
The “plug and play” SSD SAPS systems, described in section 3.3.7, might provide a 
means through which to broaden the time and resources available to the holistic 
design approach. Standardised SSD SAPS systems of the “plug and play” type may 
justify input from a larger dedicated design team. The holistic design approach might 
also benefit from the corresponding increase in diversity among the perspectives of 
the design team. 
 
With time, the holistic design approach might be made as simple or challenging as 
desired. In the format outlined in section 3.0 it is considered that implementation of 
the process may be achieved through relatively conventional management practices 
with commonly accessible basic resources. 
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4.2  PRODUCTIVE USE OF TIME AND BASIC RESOURCES?  
 
The holistic design approach made use of what may be viewed to be relatively basic 
resources. Microsoft Word and Excel can be considered reasonably conventional 
tools in the SAPS design industry, while comparatively ready public access might be 
expected to AS4509 part 2. HOMER was publicly available to be downloaded, free 
of charge, through the internet (Homer Energy 2009).   
 
It may be asserted that progressively updating a structured process for a holistic 
design approach might involve the productive use of time. Establishing templates 
within the Microsoft software and learning to operate HOMER enabled a large 
volume of repetitive analysis to be completed relatively rapidly. The BPA performed 
in section 3.0 required research, along with collaboration, which translated into 
increased awareness and knowledge. Continuing to build a library of researched 
generic bullet points, which can be reviewed and expanded upon with each 
consecutive project, might be expected to avoid problems being repeated in 
subsequent design solutions. The BPA library may serve as a dynamically updated 
set of generic holistic design guidelines. 
 
As outlined in section 4.1 increased productivity might be achieved through the 
larger design teams that may be justified by “plug and play” SSD SAPS systems. 
The holistic design approach might provide encouragement to a multidisciplinary 
team to collectively review and document what are agreed as the most significant 
holistic design challenges, together with the means for resolving or alleviating them. 
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4.3  ENHANCED TRANSPARENCY IN THE SOLUTION PROCESS?  
 
It may be considered that the holistic design approach, demonstrated in section 3.0, 
served to relatively transparently capture and communicate the SSD SAPS solution 
process. The holistic design tool, through the holistic ranking terminology, BPA, 
holistic ranking parameters and the holisticity curve, may be viewed to have in 
particular assisted in transparently capturing together with communicating the 
reasoning behind the recommended holistically optimal SSD SAPS solution. 
 
With reference to figures 2.12.4.3.1 and 3.7.1.1 to 3.7.1.8, it was noted that, in 
practice, it appeared that the difference in magnitude between the HBP and HI was 
difficult to visually interpret on the holisticity curves. It was foreseen that a possible 
solution might be to display the calculated MHI on the holisticity curve. For the 
purposes of displaying the MHI, a scaling factor might be applied such that its 
possible range of values was between “0.00” and “-1.00”. The value of the MHI used 
in calculating the HI from the HBP would require to remain unchanged (refer to 
appendix A2.0). 
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4.4  HOLISTICALLY MEANINGFUL AND USEFUL OUTCOMES? 
 
Subjectivity might be viewed as an often expressed challenge in the critique of tools 
that openly incorporate inductive reasoning in ranking the relative values of the 
prospective solutions. The credence of inductive reasoning appears to remain the 
topic of considerable scientific research (Heit 2000; SEP 2008). Inductive reasoning 
may nevertheless be interpreted as perhaps the fundamental basis upon which 
direction is provided for the implementation of active solutions within a world which 
may otherwise be experienced as exposed to constant uncertainty in exploring 
unknowns and paradoxes among opposing requirements. One such paradox might be 
the value of inductive reasoning as a constructive first step in seeking active progress 
towards establishing a structured process that may progressively reduce the 
subjectivity surrounding the solutions to the challenges it serves to address.  
 
With the continued application of the holistic design tool, it was envisaged that 
increasingly established logic might be amended to the inductive reasoning of the 
HWs. The process structure and bullet points library may be progressively refined, 
supported by a history of validated performance through ongoing monitoring of 
corresponding implemented SSD SAPS solutions. 
 
Meaningful outcomes from the holistic design approach may inherently remain 
dependent upon due diligence in the research involved, in compiling the BPA and its 
subsequent interpretation in assigning HWs. The overall holistic design approach, as 
with HOMER, might be expected to be subject to the “Giego” principal (refer to 
section 2.8).  
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Consistent with the definition for the holistic design approach conveyed in section 
1.1.1, all practical efforts were made to research the prospective SAPS solutions with 
equity amongst each of the five fundamental HFs (refer to section 2.12.1).  The 
prospective benefits from the increased diversity in perspectives following from the 
larger design teams that may be justifiable for “plug and play” SSD SAPS systems 
was acknowledged in this regard (refer to 4.1). 
 
As conveyed in section 4.3, the holistic ranking terminology, BPA, holistic ranking 
parameters and the holisticity curve may be viewed to have enhanced the 
meaningfulness of the outcomes from the holistic design approach. These tools were 
considered useful in transparently capturing together with communicating the 
meaning of the outcomes and recommendations from the solution process.  
 
With reference to figures 3.7.1.1 to 3.7.1.8 and tables 3.7.1.1 to 3.7.1.2, it appeared 
that the social HF consistently achieved the most highly positive HW for the 
prospective energy system solutions. The social HF perhaps subsequently was 
further observed to most frequently contribute to the greatest MHIs within the 
prospective solutions. This may have been a consequence of the underlying benefits 
to society from the provision of energy services being purveyed through research. As 
might conventionally be expected, the economic and environmental HFs were 
interpreted to convey the next most prevalent contributions to the largest MHIs. 
 
The MHIs for the hybrid systems were typically shown to be lower than for the 
single energy sources. It was thought that the reduced MHIs might correspond to in 
essence introducing an averaging effect among the HFs in combining the single 
energy sources to form hybrid systems.   
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As outlined in section 3.7.2, the holistic rankings and HOMER rankings for the 
prospective SSD SAPS solutions were observed to be in reasonable agreement. 
Prospective SAPS solutions which featured 100% RE fractions, however, generally 
achieved a slightly higher holistic ranking than their respective HOMER default 
simulation ranking.  
 
The PV-Diesel-Battery-Inverter SAPS was the highest holistically ranked system 
that featured a diesel genset. Relatively minimal operating hours and low average 
load ratios were observed for the diesel genset within the SAPS (refer to tables 
3.7.1.2.2 to 3.7.1.2.3 and tables A9.2 to A9.3 in appendix A9.0). It was subsequently 
projected that a notably smaller rated capacity portable genset without a dedicated 
enclosure might justify further simulation as a prospective solution for the given 
unique SSP SAPS configuration type.   
 
Overall, it was considered that the established structure for the holistic design 
approach had provided the foundations for progressive enhancements to the 
consistency and repeatability of the process. In the short run, the structured process 
was viewed to have achieved a practical solution in the form of a prospectively 
holistically optimised PV-Battery-Inverter SSD SAPS system. The system was 
comprised of readily available and implementable technologies within the present 
state of the art of the industry. 
 
Holistically screened and ranked prospective energy system solutions may be viewed 
as a meaningful together with useful outcome. At minimum it was considered that 
the holistic design approach encouraged a more balanced evaluation of the options 
than might otherwise have been the case.  
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5.0  FUTURE RESEARCH 
 
Following from the outcomes of the research project the principal prospective 
opportunities for future research were considered to include:  
 
 SSD SAPS Monitoring and Holistic Performance Review – subsequent to 
installation the holistic performance of the SSD SAPS system might be monitored 
for a defined period and compared to the research expectations. 
 Site Wind Source Monitoring and WAsP Analysis – wind source monitoring 
could be implemented at the site to ideally capture at minimum one year of data. 
The availability of the data might be timed to align with the outcomes of a WAsP 
analysis based on the validated data from the Cunderdin Air Field reference 
weather station. An investigation into the potential hill effect and the impact of 
the revegetation upon the necessary hub height might be performed with WAsP. 
 Low Cost Tall Towers – options available to develop low cost installation, easy 
service tall towers for wind turbines or PV arrays may be investigated.  
 Wind versus Diesel Revegetation Impact – the environmental influence might 
be compared for the potential disincentive to revegetation from a wind turbine 
relative to the carbon sequestration offset otherwise attained for a diesel genset. 
 RE SAPS with Inherent Failsafe Backup Power Modes – an investigation may 
be carried out to ascertain existing approaches and prospective alternatives for the 
integration of inherent failsafe backup power modes in SSD SAPS that feature 
100% RE fractions.  The holistic performance might be assessed of incorporating 
two smaller system inverters, wired in parallel, with each having a redundant or 
permanent circuit connected into a separate parallel string of the battery bank. 
 Urban Case Study – apply the holistic design approach in an evaluation of the 
energy source options available to a grid connected domestic urban residence.  
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6.0  CONCLUSIONS AND RECOMMENDATIONS 
 
The underlying objective for the outlined research project was to develop a 
commercially feasible holistic design approach for small scale SAPS systems. A 
feasibility study for the options available to a proposed SSD SAPS on the CWB of 
Western Australia fulfilled the role of a case study in exploring a holistic approach to 
designing the system solution. 
 
Overall, the research project comprised developing together with implementing a 
holistic design approach through the SSD SAPS case study and analysing the 
outcome. In essence, the holistic design approach involved industry research, along 
with guidance from AS4509 part 2, in configuring the SSD SAPS options in 
HOMER and holistically ranking the outcomes from the simulations. 
 
Consistent with AS4509 part 2, the SAPS clients actively defined the energy service 
expectations for the design solution. Opportunity costs were included within the 
HOMER simulations to account for the time commitments of the clients that were 
projected to be involved in the SAPS solution options. 
 
While AS4509 part 2 and HOMER were considered valuable design tools, neither 
provided a means to rank the comparative holisticity of prospective energy system 
solutions. A holistic design tool was subsequently developed and evaluated for that 
purpose. It was envisaged that the holistic design tool might be used to holistically 
screen and rank the inputs, along with outputs, of the design process. Within the 
available research time and resources the holistic design tool was formally 
demonstrated only for the holistic ranking of the outcomes from the HOMER 
simulations.  
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The holistic design tool, through its embodied holistic ranking terminology, BPA, 
holistic ranking parameters and holisticity curve was concluded to have assisted in 
transparently capturing, together with communicating, the reasoning behind the 
recommended holistically optimal SSD SAPS solution. It was expected that, over 
time, a BPA library would be established to serve as a dynamically updated set of 
holistic design guidelines thereby avoiding the repetition of problems among 
solutions such as the dominance of technical and economic factors. 
 
In the developed format, it was considered that implementation of the holistic design 
approach may be commercially feasibly achieved through relatively conventional 
management practices, with commonly accessible basic resources. It was envisaged 
that with continued application the process might be progressively simplified as well 
as expedited. Increasingly established logic may further be added to the inductive 
reasoning that was involved in the holistic design tool. It was projected, however, 
that meaningful process outcomes might inherently remain dependent upon due 
diligence in researching the inputs and interpreting the outputs. “Plug and play” SSD 
SAPS were foreseen to provide a means through which to broaden the time, 
resources and perspectives available to the holistic design approach. 
 
It was the comparative holistic ranking of solutions that was viewed to have meaning 
within a project. The calculated HIs were not to be interpreted as absolute, definitive 
generic measures of the relative holisticity for the particular technologies evaluated. 
In the case study, the holistic rankings and HOMER rankings were observed to be in 
reasonable agreement. Prospective SAPS solutions which featured 100% RE 
fractions, however, typically achieved a slightly higher holistic ranking than their 
respective HOMER default simulation ranking. 
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Overall, it was considered that the established structure for the holistic design 
approach provided the foundations for progressive enhancements to the consistency, 
repeatability, productivity and meaningfulness of the process. In the short run, the 
structured process was viewed to have achieved a practical solution in the form of a 
prospectively holistically optimised PV-Battery-Inverter SSD SAPS system for 
recommended implementation. An opportunity for future research was proposed to 
involve monitoring the holistic performance of the installed SSD SAPS and 
comparing the outcomes to the expectations produced by the holistic design 
approach. 
 
Holistically screened and ranked prospective energy system solutions were viewed as 
a meaningful, together with useful, outcome from the holistic design approach. 
Consistent with its equated definition, it was considered that, at minimum, the 
holistic design approach encouraged a more balanced evaluation of the options than 
might otherwise have been the case; 
 
A design approach producing a solution that, within the resources available, 
achieves the most optimally sustainable balance among all principal factors for 
consideration and for all those entities which it influences (SEEMU 2008). 
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APPENDICES 
 
A1.0  EXTENDED SUMMER AND WINTER 
 
 
 
 
 
 
 
 
Table A1.1  Extended "Summer" and "Winter" 
Seasons in a None Leap Year for Average Daily 
Energy Usage Estimation 
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A2.0  EQUATIONS FOR HBP, MHI AND HI 
 
n = holistic facet number “n” among the total of 5 
N = total number of holistic facets  =  5 
 
DHBP   = absolute value of the difference between  
the HW for a given HF and the HBP 
 
M(DHBP)  = mean of the DHBP values for the HFs 
 
SD(DHBP)  = sum of the absolute values for the differences 
between each of the DHBP values 
 
SD(DHBP)max = maximum possible value of SD(DHBP) 
= 6   [corresponds to HWs; +1, 0, 0, 0, -1] 
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A3.0  AVERAGE DAILY ENERGY USAGE WORKSHEET 
 
 
Table A3.1  Average Daily Energy Usage Worksheet – Part 1 of 3 
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Table A3.1 Continued – Part 2 of 3
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Table A3.1 Continued – Part 3 of 3 
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A4.0  DAILY PEAK LOAD MANAGEMENT MAP 
 
Table A4.1  Daily Peak Load Management Map – Part 1 of 3
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Table A4.1 Continued – Part 2 of 3 
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Table A4.1 Continued – Part 3 of 3 
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A5.0  METEOROLOGICAL DATA ANALYSES 
 
 
Figure A5.1  Mean Wind Speed, WS – Cunderdin Air Field 12 years Raw Data; 
1997 (Mean 1) to 2008 (Mean 12)  (BOM 2009a) 
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Figure A5.2  Mean Wind Power Density, WPD – Cunderdin Air Field 12 years 
Raw Data; 1997 (Mean 1) to 2008 (Mean 12)  (BOM 2009a) 
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Figure A5.3  Mean Air Temperature, AT – Cunderdin Air Field 12 years Raw 
Data; 1997 (Mean 1) to 2008 (Mean 12)  (BOM 2009a) 
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Figure A5.4  Mean Wind Speed, WS – Cunderdin Air Field; all 12 years raw 
data,2004 and 2006 validated data, 9am and 3pm prefeasibility data, NASA data 
(BOM 2009a; NASA 2009a) 
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Figure A5.5  Wind Speed Distribution Histogram – Cunderdin Air Field Validated 
Data: TOP - 2004 (year 8); BOTTOM – 2006 (year 10)  (BOM 2009a) 
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Figure A5.6  Wind Direction and Energy Density Rose – Cunderdin Air Field 
Validated Data: TOP - 2004 (year 8); BOTTOM – 2006 (year 10)  (BOM 2009a) 
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Figure A5.7  Cunderdin Air Field:  Mean Wind Power Density, WPD – average 
for all 12 years BOM raw data; NASA Monthly Average Daily Solar Data - 
Average Daily Solar Irradiation on a Horizontal Surface, 31
o
 (latitude) Collector 
Slope and 46
o
 Collector Slope  (BOM 2009a; NASA 2009a) 
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A6.0  GRID CONNECTION LIFE CYCLE COSTING EXCEL WORKSHEET 
 
Table A6.1  Grid Connection Life Cycle Costing Worksheet – Periodic Occupancy 
with Present Summer and Winter Load Profile 
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Equations used in the Grid Connection Life Cycle Costing Worksheet 
(Pryor 2008f) 
 
Total Life Cycle Cost = NPC  ($/analysis period)  
NPC   = Net Present Cost of project  ($)  
   = IC  + RPPWF x TGUC  
Where  
IC = Initial Capital Costs  ($) 
 = GCC 
GCC = Grid Connection Capital Cost, GCC  ($) 
TGUC = Total Annual Grid Usage Cost  ($/year) 
  [assumed an equal annual (recurrent) payment]  
RPPWF = Recurrent Payment Present Worth Factor  
  = factor applied to calculate the net present value (worth)  
   for a series of equal annual (recurrent) payments  
   over the project period of analysis (20 years)  
 = {1 – [(1 + a/100) / (1 + r/100)] N } / {[(1 + r/100) / (1 + a/100)] – 1}  
With 
r = discount rate  (%)  
a = inflation rate (%)  
N = project period of analysis  =  20 years  
 
Net Present Cost per Unit of Electricity Usage  =  NPC / (N x TEU) 
TEU = Total Annual Electricity Usage  (kWh/year) 
 
Levelised Net Present Cost per Unit of Electricity Usage = NPC / (RPPWF x TEU)   
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A7.0  HOLISTICITY CURVE -  LEAD ACID BATTERY BANK 
 
 
 
 
 
 
 
 
 
 
Figure A7.1  Lead Acid Battery Bank 
Holisticity Curve 
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A8.0  BPA FOR PV – ECONOMIC HF AND ENVIRONMENTAL HF 
 
Contributing References: 
Anderson et al. (1999, 95-96, 98-99, 101, 105); AS 4509.2 (2002); AS/NZS 4509.1 
(2009) ; AS/NZS 5033-2005/Amdt 1 (2009); BOM (2009a); Boyle (2004, 80-81, 84-
85, 92-100, 414-415); Boyle, Everett, and Ramage (2004, 520); Bushlight (2007, 2); 
Clean Energy Council (2009); DEWHA (2009); Hislop (1992, 12-13, 15-17); Homer 
Energy (2009); Jacobson (2009, 161-162); Markvart (2007, 18-19, 62, 92, 234-247); 
NASA (2009); NREL (2010); ORER (2010); Pryor (2008c, 10, 14, 25); Pryor 
(2008d, 3-4); PVsyst (2009); RISE (2010); SilexSolar (2010); UNSW (2010). 
 
A8.1  Economic BPA – Photovoltaics 
 
A8.1.1  Active Benefits - Economic – Photovoltaics 
-immediate benefits of the solution within the Holistic Facet 
 No fuel – no time commitments necessary for the purchase and handling of a fuel. 
There is no concern with the storage life of a fuel.  
 No polluting emissions – no emission of harmful pollutants or greenhouse gases 
during energy conversion. 
 Indigenous renewable energy source – an indigenous renewable energy source 
that offers security and confidence in investment with respect to a continued long 
run supply of energy. 
 Indigenous manufacturers – indigenously designed and manufactured options 
are available in Australia for example SilexSolar.  
 Low maintenance – very few periodic maintenance requirements and all of 
which may typically be performed by the owner without voiding the 
manufacturer’s warranty. Generally accessible without the need for heavy 
machinery such as cranes.  
 No moving parts – for fixed tilt arrays there are no moving parts that might 
require relatively regular maintenance to attain the rated useful lifetime. 
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 High reliability – a proven track record of reliability and durability (in 
comparison to both wind and diesel gensets).  
 Long useful lifetime – typically a long useful lifetime before replacement of the 
photovoltaic modules is required. Balance of system components such as the 
battery charge regulator may need replacement in the short run but are generally 
comparatively low in cost. 
 Standards and certification – suitably applicable, comprehensive and proven 
standards for performance along with safety can be considered to exist which 
have enabled the confidence of access to a correspondingly certified range of 
options within Australia. 
 Infrastructural planning legislation – to date typical installations are largely 
compatible with conventional infrastructural planning legislation. 
 Accredited installers – relatively ready access to accredited installers. 
 Long manufacturer’s warranty – typically a comparatively long manufacturer’s 
warranty relative to rated useful lifetime, particularly on rated output. 
 Modular – photovoltaic modules can be added on a modular basis to meet future 
load growth and budget.  
 Eligible for RECs – elegible for RECs. 
 Eligible for Solar Credits – eligible for Solar Credits where it contributes to the 
first 1.5 kW of RE conversion devices installed at on a property.  
 More mature market than wind – a comparatively more mature market than for 
small wind turbines with correspondingly greater pricing competition among 
options. A relatively well established support structure additionally exists for 
spare parts and maintenance. 
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 More predicable than wind – the solar radiation source is generally notably 
more predictable than the wind source at a given site. It is typically considerably 
less site specific. 
 No dump load – does not produce excess energy that might otherwise require 
dissipation though the provision of a dump load. 
 
A8.1.2  Challenges - Economic – Photovoltaics 
-challenges to be resolved in order to yield the full benefits 
 High initial capital cost - generally a comparatively high initial capital cost. 
 Commercially immature pricing – remains a relatively commercially immature 
technology with respect to achieving its predicted full potential economies of 
scale pricing. 
 Larger space occupation than wind turbines – to date photovoltaics typically 
occupy more space per energy output than wind turbines when equally favourable 
energy sources are available. 
 Shading – may require relatively localised initial clearing and subsequent 
periodic trimming of vegetation to prevent excessive shading. 
 Inverter – an inverter is needed where an ac load is to be met. 
 Physical support structures – where the use of existing structures such as 
building roof tops is not practical costly support structures together foundations 
may be necessary to attain reasonable access to the solar source. 
 Easily stolen – photovoltaic modules are relatively portable and thereby may be 
comparatively easily stolen. 
 Transmission losses – electricity transmission and distribution networks are 
subject to notable electrical losses. There is a limit to which these can be cost 
effectively reduced over increasingly long distances within a remote site. 
Master of Science in Renewable Energy Dissertation 
 
Murdoch University 
143 
 
 Intermittent – solar radiation is an intermittent energy source. 
 Days of autonomy – standards recommend provision for a comparatively large 
number of days of autonomy in the battery bank design capacity where 
photovoltaic power is to provide the predominant energy source. The suggested 
days of autonomy is notably higher than for a diesel genset. 
 Infrastructural planning legislation – certain locations may be highly dependent 
upon the legislation of formal zoning consents that establish confidence in 
reasonable preservation of available access to the energy source throughout the 
useful lifetime of the energy conversion technology. 
 
A8.1.3  Enabling Mechanisms - Economic – Photovoltaics 
-mechanisms to actively resolve challenges 
 Magnitude of Solar irradiation –average daily solar irradiation values of more 
than 4.5 to 5 kWh/m
2
/day can be considered one factor in indicating a 
prospectively good source. An annual average in the range 5.0 to 6.0 kWh/m
2
/day 
or better may be viewed as indicating a potentially ideal or excellent source. 
 Clearness index – a consistently high monthly average daily clearness index is 
one factor in indicating a prospectively good solar source. By example if over an 
average year the monthly average daily clearness index ranged between 0.59 to 
0.66 this may be considered to suggest a very good source with a high percentage 
of clear sky days even during the worst months.  
 Minimal seasonal variability - very little seasonal variation throughout the year 
or a seasonal variation readily compensated for by tilting the collector slope is one 
factor in indicating a prospectively ideal solar source. 
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 Well matched solar source – a solar source whose average daily magnitude of 
irradiance, clearness index and seasonal variability are in combination well 
matched to the load profile for a given application would suggest a prospectively 
promising solar source that justifies a more detailed evaluation.    
 Winter tilt – for a fixed array at latitudes notably removed from the equator a 
steeper collector tilt towards the equator can be used to enhance the winter energy 
output at the expense of a reduced summer output and a slight reduction in the 
total available annual yield. In SAPS applications it may assist in reducing the 
days of autonomy required from the battery storage during the winter season. A 
collector slope of latitude angle facing towards the equator typically achieves the 
greatest total annual output from the array. 
 Minimum collector tilt of 10o – a minimum collector slope tilt of 10o assists in 
preventing water accumulation on surfaces while promoting passive cleaning 
mechanisms.  
 Lower capital cost than wind – at the present time typically involves a lower 
initial capital cost than an equivalent capacity small wind turbine installation. 
 Credit facilities – access to reliable credit facilities with reasonable interest rates. 
 Strategic positioning – can be positioned such as to minimise the necessary 
clearing along with ongoing trimming of vegetation and complicate access with 
respect to the potential for theft. Transmission and distribution distances can 
additionally be minimised. 
 Integration with existing structures – can be integrated with existing structures 
such as roofs of buildings. 
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 Elevation – locating photovoltaic modules on existing structures or dedicated 
support towers which are suitably elevated and have lockable access may 
contribute towards minimising the risk of theft while optimising access to the 
solar resource. 
 Tamper proof fasteners – tamper proof fasteners can assist in reducing the ease 
with which photovoltaic modules might otherwise be stolen. 
 Aesthetic design – photovoltaic modules and their supporting structures may be 
designed in a manner which is considered to complement the aesthetics of built 
infrastructures. 
 Battery bank – a battery bank can be used to compensate for intermittency in the 
solar radiation source.  
 Days of autonomy – the suggested days of autonomy recommended by standards 
for the battery bank design capacity is notably lower for photovoltaics than for 
wind. 
 Relatively commercially mature service support – a relatively commercially 
mature technology in comparison to wind with respect to support for spare parts, 
service and maintenance. 
 Generally more predictable than wind – the solar radiation source is generally 
less site specific and thereby more broadly predicable than the wind source at a 
given location. 
 Site monitoring typically not needed – monitoring is typically not necessary 
where suitable data for the solar radiation source is available in the general 
locality which encompasses the proposed photovoltaic array site. 
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 Prospecting – to date government policies, subsidies and funding are supporting 
the no or low cost public provision of suitable site related ground measurement or 
satellite derived solar source data for example the Bureau of Meteorology, 
Renewable Energy Atlas of Australia or NASA. 
 
A8.1.4  Opportunities - Economic – Photovoltaics 
-specific opportunities for development within the Holistic Facet 
 Growth industry – a relatively commercially immature industry with large 
potential for reduction in costs of new and replacement components with 
increasing economies of scale. 
 Economies of scale – with the growing uptake economies of scale offer the 
potential for further considerable technological advances accompanied by marked 
reductions in manufactured cost for the technology including balance of system 
parts. Supporting infrastructures for accredited installation, service and 
maintenance may additionally be expected to become progressively reliable with 
respect to increasingly remote locations. 
 Improved module efficiencies – there appears to be considerable potential for 
continued significant commercial advances in photovoltaic cell together with 
overall module efficiencies. This may markedly increase the energy output per 
area of space occupied by a photovoltaic array. 
 Thin film technologies – thin film technologies offer considerable potential for 
cost reductions through enabling automated mass production and maximising the 
proportionally active collector surface area of photovoltaic modules.  
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 Tracking arrays – development of increasingly reliable and cost effective 
tracking arrays to enhance the total annual energy yield throughout the year. 
 Concentrating systems – progress with solar radiation concentrating systems 
may contribute to notably optimising the efficiency and overall cost effectiveness 
of photovoltaic collectors. 
 Elevated support structures – the development of cost effective elevated 
support structures to alleviate the need for clearing or trimming of vegetation 
while maintaining relatively ready access for service and maintenance. Through 
integrating lockable access the risk of photovoltaic modules being stolen or 
damaged may additionally be reduced. 
 Photovoltaic building materials – it may become increasingly feasible to 
integrate photovoltaic collectors with building materials such as roofing tiles, 
awnings, wall cladding, window panes, paving tiles, fencing and paint. 
 Integrated inverters – technologies are being developed which involve 
integration of dedicated inverters into individual photovoltaic modules. This may 
further enhance the ease with which photovoltaic arrays might be expanded to 
meet future load growth or where access to additional capital becomes available. 
In regard to energy security the technology may be viewed to prospectively 
alleviate dependence upon the sustained operation of a single system inverter.  
 Infrastructural planning legislation – compatible infrastructural planning 
legislation may be expected to progressively evolve with time, awareness and 
industry growth 
 No greenhouse gas emissions – does not emit greenhouse gases during energy 
conversion. Potentially a directly appreciable financial benefit in view of pending 
legislation to internalise the true cost of greenhouse gas emissions.    
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A.8.2  Environmental BPA – Photovoltaics 
 
A8.2.1  Active Benefits - Environmental – Photovoltaics 
-immediate benefits of the solution within the Holistic Facet 
 No volatile fuel – does not use a volatile fuel thereby avoiding the corresponding 
risk of fires or explosions. 
 No polluting emissions – no emission of harmful pollutants or greenhouse gases 
during energy conversion. 
 Indigenous renewable energy source – an indigenous renewable energy source 
that is sustained by short run naturally occurring cyclic mechanisms. 
 No moving parts – for fixed tilt arrays there are no moving parts that might 
present a safety hazard to living organisms or cause discomforting vibration 
together with corresponding noise in structures. 
 Quiet – no significant operating noise. 
 Standards and certification – suitably applicable, comprehensive and proven 
standards for performance along with safety can be considered to exist which 
have enabled the confidence of access to a correspondingly certified range of 
options within Australia. 
 
A8.2.2  Challenges - Environmental – Photovoltaics 
-challenges to be resolved in order to yield the full benefits 
 Visual amenity – the photovoltaic modules and supporting structures including 
for example the tower and foundations where applicable might be viewed to 
reduce visual amenity.  
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 Infrastructural planning legislation – infrastructural planning legislation may 
not have evolved accordingly in certain locations to be commensurately 
compatible with the environmental implications of the correspondingly relatively 
commercially immature technology. This may include taking into account 
environmentally protective zoning requirements with respect to the prospective 
increasing demand for creating along with preserving access to the energy source 
throughout the useful lifetime for proposed installations of energy conversion 
technologies.  
 Space occupation – it is necessary to create and maintain sufficient cleared land 
space to locate the solar array. This may impinge upon and disrupt sensitive 
ecosystems.   
 Shading – may require relatively localised initial clearing and subsequent 
periodic trimming of vegetation to prevent excessive shading. 
 Revegetation - might introduce a disincentive for revegetation of surrounding 
land in the relatively immediate vicinity of the photovoltaic array following from 
an expected corresponding reduction in the accessible energy source. 
 Larger space occupation than wind turbines – to date photovoltaics typically 
occupy more space per energy output than wind turbines when equally favourable 
energy sources are available. 
 
A8.2.3  Enabling Mechanisms - Environmental – Photovoltaics 
-mechanisms to actively resolve challenges 
 Strategic positioning – can be positioned such as to minimise perceived 
impingement on visual amenity and the necessary clearing along with ongoing 
trimming of vegetation. 
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 Aesthetic design – photovoltaic modules and their supporting structures may be 
designed in a manner which is considered to blend in with or complement the 
aesthetics of the surroundings. 
 Shading is confined to relatively localised influences – where necessary to 
reduce shading the requirements for clearing along with ongoing trimming of 
vegetation can be considered as markedly more localised than for wind.  
 Integration with existing structures – can be integrated with existing structures 
such as roofs of buildings. 
 
A8.2.4  Opportunities - Environmental – Photovoltaics 
-specific opportunities for development within the Holistic Facet 
 Economies of scale – with the growing uptake economies of scale offer the 
potential for further considerable technological advances. 
 Improved module efficiencies – there appears to be considerable potential for 
continued significant commercial advances in photovoltaic cell together with 
overall module efficiencies. This may markedly increase the energy output per 
area of space occupied by a photovoltaic array. 
 Thin film technologies – thin film technologies offer considerable potential for 
maximising the proportionally active collector surface area of photovoltaic 
modules.  
 Tracking arrays – development of increasingly reliable and cost effective 
tracking arrays to enhance the total annual energy yield throughout the year. 
 Concentrating systems – progress with solar radiation concentrating systems 
may contribute to notably optimising the efficiency of photovoltaic collectors. 
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 Elevated support structures – the development of cost effective elevated 
support structures to alleviate the need for clearing or trimming of vegetation 
while maintaining relatively ready access for service and maintenance. 
 Photovoltaic building materials – it may become increasingly feasible to 
integrate photovoltaic collectors with building materials such as roofing tiles, 
awnings, wall cladding, window panes, paving tiles, fencing and paint. 
 Infrastructural planning legislation – compatible infrastructural planning 
legislation may be expected to progressively evolve with time, awareness and 
industry growth 
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A9.0  HOMER SIMULATION RESULTS TABLES 
 
 
 
 
  
Table A9.1  Abbreviations Used in the HOMER Simulations 
Results Tables 
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Table A9.2  HOMER Simulation Results for the Future 
Periodic Load Profile - First Half of Table 
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Table A9.3  HOMER Simulation Results for the 
Future Periodic Load Profile - Second Half of Table 
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Table A9.4  HOMER Simulation Results for the Present 
Permanent Load Profile - First Half of Table 
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Table A9.5  HOMER Simulation Results for the Present 
Permanent Load Profile - Second Half of Table 
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A10.0  LIST OF COMPUTER FILES ON DISK 
 
BULLET POINTS ANALYSIS FILE 
Full Bullets Points Analysis 
 
HOMER SIMULATION FILES 
Periodic Occupation – Present Load Profile - Files 
PS&PW-Periodic-Proven-V21-01 
PS&PW-OMFD-Periodic-Soma-V21-01 
PS&PW-Periodic-Soma-V21-01 
PS&PW-SCRECS&PVTLT-Periodic-Soma-V21-01 
PS&PW-WS&S-Periodic-Soma-V21-01 
 
Periodic Occupation – Future Load Profile - Files 
FS&PW-Periodic-Proven-V21-01 
FS&PW-OMFD-Periodic-Soma-V21-01 
FS&PW-Periodic-Soma-V21-01 
FS&PW-SCRECS&PVTLT-Periodic-Soma-V21-01 
FS&PW-WS&S-Periodic-Soma-V21-01 
 
Permanent Occupation – Present Load Profile - Files 
PS&PW-Permanent-Proven-V21-01 
PS&PW-OMFD-Permanent-Soma-V21-01 
PS&PW-Permanent-Soma-V21-01 
PS&PW-SCRECS&PVTLT-Permanent-Soma-V21-01 
PS&PW-WS&S-Permanent-Soma-V21-01 
 
Permanent Occupation – Future Load Profile - Files 
FS&PW-Permanent-Proven-V21-01 
FS&PW-OMFD-Permanent-Soma-V21-01 
FS&PW-Permanent-Soma-V21-01 
FS&PW-SCRECS&PVTLT-Permanent-Soma-V21-01 
FS&PW-WS&S-Permanent-Soma-V21-01 
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FILE EXPLANATIONS 
 
Generic Files – No Sensitivities 
File File Name File Description 
 PRESENT LOAD  
 Permanent  
1 PS&PW-Permanent-Proven-V#-@ a.) Present summer and present winter load 
profiles have been combined to form an annual 
hourly load profile. 
b.)The residence is assumed to be occupied 
permanently; 365 days/year of average daily 
summer and winter load.  
c.) Both of the two different wind turbine types 
to be considered are Proven Energy wind 
turbines; 6.0 kW and 2.5 kW. HOMER permits a 
maximum of two different wind turbine types to 
be considered in a given simulation file. 
2 PS&PW-Permanent-Soma-V#-@ Items “a” and “b” as per File “1” 
c.) A 1.0 kW Soma wind turbine is to be 
considered together with the 2.5 kW Proven 
Energy wind turbine that is included in item “c” 
of File 1. 
 Periodic  
3 PS&PW-Periodic-Proven-V#-@ Items “a” and “c” as per File “1” 
b.) The residence is assumed to be occupied 
periodically; periodic occupancy has been 
modelled as a constant cycle of 2 weeks on site 
followed by 2 weeks vacant throughout the year 
comprised from average daily summer and 
winter loads.  
4 PS&PW-Periodic-Soma-V#-@ Item “a” as per File “1”, item “b” as per File “3” 
and item “c” as per File “2”. 
 FUTURE LOAD GROWTH  
 Permanent  
5 FS&PW-Permanent-Proven-V#-@ Items “b” and “c” as per File “1”. 
a.) Future summer and present winter load 
profiles have been combined to form an annual 
hourly load profile. The future summer load 
profile is characterised by the integration of an 
evaporative cooling air conditioning unit into the 
present load profile. 
6 FS&PW-Permanent-Soma-V#-@ Item “a” as per File “5”, item “b” as per File “1” 
and item “c” as per File “2”. 
 Periodic  
7 FS&PW-Periodic-Proven-V#-@ Item “a” as per File “5”, item “b” as per File “3” 
and item “c” as per File “1”. 
8 FS&PW-Periodic-Soma-V#-@ Item “a” as per File “5”, item “b” as per File “3” 
and item “c” as per File “2”. 
NOTES:  
1.)  “-V#”  = version number of the generic base file “PS&PW-Permanent-Proven-V#” from 
which all the other files are constructed. It is recommended this number be kept the same in 
all the derived file names to maintain their alignment. 
2.)  “@” = a suffix number which may be tagged to the end of the version number where 
variants of the files wish to be investigated in the interim and the alterations do not affect the 
base file. 
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Files with Sensitivities added 
File File Name File Description 
 PRESENT LOAD  
 Permanent  
1 PS&PW-OMFD-Permanent-Soma-V#-@ a.) All turbine types removed from 
reference file except Soma. 
b.) Soma sizes to consider quantity set 
to “0” and “1” only. 
c.) Removed all existing sensitivities. 
d.) Linked sensitivities added to the 
O&M Costs multiplier for each of the 
Diesel Gensets 
e.) Sensitivities added to the Diesel Fuel 
Price ($/L) value. 
2 PS&PW-WS&S-Permanent-Soma-V#-@ Items “a”, “b” and “c” as per File “1”. 
d.) Sensitivities added to the Wind 
Speed Scaled Annual Average (m/s) 
value. 
e.) Sensitivities added to the Solar 
Resource Scaled Annual Average 
(kWh/m
2
/d) value. 
 Periodic  
3 PS&PW-OMFD -Periodic-Soma-V#-@ As per file 1.   
4 PS&PW-WS&S -Periodic-Soma-V#-@ As per file 2. 
 FUTURE LOAD GROWTH  
 Permanent  
5 FS&PW-OMFD-Permanent-Soma-V#-@ As per file 1. 
6 FS&PW-WS&S-Permanent-Soma-V#-@ As per file 2. 
 Periodic  
7 FS&PW-OMFD-Periodic-Soma-V#-@ As per file 1. 
8 FS&PW-WS&S-Periodic-Soma-V#-@ As per file 2. 
NOTES:   
1.)  “-V#”  = version number of the generic base file “PS&PW-Permanent-Proven-V#” from 
which all the other files are constructed. It is recommended this number be kept the same in 
all the derived file names to maintain their alignment. 
2.)  “@” = a suffix number which may be tagged to the end of the version number where 
variants of the files wish to be investigated in the interim and the alterations do not affect the 
base file. 
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FILE UPDATES 
 
Tables summarising the recommended order in which to recreate lower level files 
when their respective higher level reference files are significantly updated with 
revised or amended configuration data. 
 
 
Generic Files – No Sensitivities 
Order Reference File Created File 
 PRESENT LOAD  
1 PS&PW-Permanent-Proven-V# PS&PW-Permanent-Soma-V# 
2 PS&PW-Permanent-Proven-V# PS&PW-Periodic-Proven-V# 
3 PS&PW-Permanent-Soma-V# PS&PW-Periodic-Soma-V# 
 FUTURE LOAD GROWTH  
4 PS&PW-Permanent-Proven-V# FS&PW-Permanent-Proven-V# 
5 FS&PW-Permanent-Proven-V# FS&PW-Permanent-Soma-V# 
6 FS&PW-Permanent-Proven-V# FS&PW-Periodic-Proven-V# 
7 FS&PW-Permanent-Soma-V# FS&PW-Periodic-Soma-V# 
NOTE: # = version number of the reference and created files. It is recommended these be 
kept the same to maintain their alignment. A secondary suffix number may be tagged to the 
end of this suffix number where variants of the created files wish to be investigated in interim 
and the alterations do not affect the base file. 
 
 
Files with Sensitivities added 
Order Reference File Created File 
 PRESENT LOAD  
1 PS&PW-Permanent-Soma-V# PS&PW-OMFD-Permanent-Soma-V# 
2 PS&PW-Periodic-Soma-V# PS&PW-OMFD-Periodic-Soma-V# 
3 PS&PW-OMFD-Permanent-Soma-V# PS&PW-WS&S-Permanent-Soma-V# 
4 PS&PW-OMFD-Periodic-Soma-V# PS&PW-WS&S -Periodic-Soma-V# 
5 PS&PW-WS&S-Permanent-Soma-V# PS&PW-SCRECS&PVTLT-Permanent-Soma-V# 
6 PS&PW-WS&S -Periodic-Soma-V# PS&PW-SCRECS&PVTLT-Periodic-Soma-V# 
 FUTURE LOAD GROWTH  
1 FS&PW-Permanent-Soma-V# FS&PW-OMFD-Permanent-Soma-V# 
2 FS&PW-Periodic-Soma-V# FS&PW-OMFD-Periodic-Soma-V# 
3 FS&PW-OMFD-Permanent-Soma-V# FS&PW-WS&S -Permanent-Soma-V# 
4 FS&PW-OMFD-Periodic-Soma-V# FS&PW-WS&S -Periodic-Soma-V# 
5 FS&PW-WS&S -Permanent-Soma-V# FS&PW-SCRECS&PVTLT-Permanent-Soma-V# 
6 FS&PW-WS&S -Periodic-Soma-V# FS&PW-SCRECS&PVTLT-Periodic-Soma-V# 
NOTE: # = version number of the reference and created files. It is recommended these be kept the 
same to maintain their alignment. A secondary suffix number may be tagged to the end of this suffix 
number where variants of the created files wish to be investigated in interim and the alterations do not 
affect the base file. 
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A11.0  DISK OF COMPUTER FILES 
 
Refer to appendix A10.0 for a list of the computer files contained on the disk along 
with explanations of their configuration where applicable. 
 
 
 
 
 
 
 
